




JVl vV < i K 


rm 






f h^QrawMl Bock Qx Tm ^ 

PUBLISHERS OF BOOKS F O R_/ 

Eectrical "Wbrld " Engineering News-Record 
Power V Engineering and Mining Joumed-Ress 
Oicmical and Metallurgical Engineering 
Electric Railway Journal v Coeil Age 

American Machinist “ Ingenieria Intemacional 
Bectrical Merchandising v BusTransponation 
Journal of Electricity and "Western Industiy 
Industrial Ergineer 

’'^ s ^ iil ' j ilfr'TnTi^rr^ ^ » *r . T7>o ^';^y;^,'l^,T,y-tfVTpi YiT;^ ff^TTTT7'hi T r n 


V 




iLilLU^iUlUl^iU ' 'j-J 



MANAGEMENT 

ENGINEERING 


THE DESIGN AND 

ORGANIZATION OF INDUSTRIAL PLANTS 


BV 

P. F. WALKER, M.M.E. 

Professor of Industrial Engineering and Dean of the School 
of Engineering at the University of KSnsas 


First Edition 


McGRAW-HILL BOOK COMPANY, Inc. 
NKW YORK: :}70 SEVENTH AVENUE 

LONDON: 0 & 8 BODVeIhE ST , E. C. 4 

1922 




McOkaw-IIill, Book Company, Inc. 


PltlNTKTJ IN THE UNITED STATES OF AMEllICA 


STATE C»4TnAL LI««AnY, ’ ' " Ac 

AC 7 "7- ON 3 ^ 

D 


-Jill. MAPLC PRESS COMPANY, YORK, PA. 



PREFACJE 


This small b©()k is the result of* an attempt to bring; together 
material whieh has been treated in many sej)arate volumes. 
The aim is to make this material available in the classroom, 
rather than to present new facts or distinctive ideas. Material 
has been taken from piany books, and in so doing it has been iJie 
intention to give credit to the several authors by specific mention 
in each case. If by any chance this has been overlooked, the. 
author takes this opportunity^ to make due acknowledgement. 

There is a growing feeling among engineering ediu’.ators in the 
country at large that engineering curricula should include work 
in economi(;s, pure and applied. It is well-nigti universal practice 
to send students to the several dei)artments of (Mfonornics for the 
fundamental course in the elements. Beyond this the standard 
courses in economics are specialized to such extent that an 
impossible amount of time w^ould be recpiiied to give an engineer- 
ing student an introduction to all of the various subjects of which 
he should have some knowledge. Such topics are brought 
together in this volume, with brief treatment, i( is true, with 
the purpose of introducing the student to the main principles 
which underlie business procedure, and of giving him an intro- 
duction to more extended specialized treatises. 

A mechanical or industrial engineering student has an espe- 
cially urgent need for a book of this sort. The former educ!ttional 
practice of concentrating the technical t raining ^in •mechanical 
engineering into the lines of power development and machine 
design is giving way to the plan of so directing the training that 
th(‘re will be afforded many points of contact with manufacturing 
industri(;s. The design and layout of factories are demanding 
more of the time and energy of the engineer today than is the 
design of steam engines. Economy in production, on which the 
industrial future of this country will depend, is something that is 
directly assocfiated with the layout of industrial plants and the 
effective control of material as it flows from the stock bins to the 
shipping platform, and of labor in \i% manipulative work. 
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Further than this, there is»a science' of location of industries. 
The 'engineer o^ the future will exercise inorte and more fully the 
function of an industrial expert who analyzes .conditions with 
respect to their influence on industrial establishments. While 
primarily a man of produdoion, he must have an understanding 
of the market and its reflex effect upon successful manufacturing 
enterprises. He must, have ap appreciative understanding of the 
influence of transportation on his proposed plan. He must be 
aware of the fact that climatic conditions and the racial charac- 
teristics of the different groups w^hich make up our population 
have their due share of influence toward success or failure. , 
It is the aim of Part I f o present, such an outline to guide the 
study of the prospective mechanical and industrial engineer. 
Part. II covers the mor(‘ general problems of organization and 
administration, ada])t('d to the needs of all classes of engineers. 
The important topic of (contracts is merely outlined in Appendix 
('. It is given, not as a topic in management engineering, but 
rather as an accompanying reference to a subject that should be 
studied with care l)y (*very eiigiiH^er. 

P. F. Walker 

Lawrence, Kansas, 
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MANAGEMENT ENGINEERING 


CHAPTER I 
BASIC PRINCIPLES 

Modern conditions have brought into organiz(‘d industiy a 
demand for systematic coordination of all the factors which bear 
upon it. Industrial history recounts the efforts of individuals 
who have striven, with varying success, to perfect and advance 
the several i)hases of production and of marketing. Great 
advances were made by the introduedion of mechanical power. 
Equipment made usable by power has been developed to a degree 
almost beyond the imagination. The organization of industry 
into large interests for the purpose of realizing on the benefits 
coming from aggregations of capital has been carried far in many 
lines of work. The legal phases of the organization of companies 
having the power of attracting capital have received due atten- 
tion. Transportation agencies have extended their lines to 
serve industrial enterprivSe, mainly under the direction of men 
who have had little to do with production itself. The great 
business of the distribution and marketing of goods has had its 
growth under the direction of persons whose interests arc purely 
in that line. These several agents have built w’ell, frequently 
in conjunction with one another and occasionally in cooperation, 
but mainly under a system w^here each conside^pd only his own 
problems. 

It is not to be supposed that this condition will be materially 
changed, so far as the active conduct of affairs goes. It is true 
that many of our larger manufacturers sell directly to the con- 
sumer, thus combining two of the functions of industry, but this 
practice is limited to certain classes of products that make up the 
minority. Economic distribution will continue to call for specia- 
lized practices, quite distinct from the practices most effective in 
production, for the mass of goods turned out by organized enter- 
prise. Actual combination of interests in an organic way is not 
the point at issue. But with the application of human energy 
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and wisdom, as these forces must be applied for best effect 
today, there is the need for coordination and, especially for a 
sympathetic understanding of the related problems. Producers 
in particular have need for aRmrate knowledge of the methods 
to be employed in selling, and of the needs and peculiarities of 
their markets. The hit-or-m‘ss method of organizing and build- 
ing up producing plants belongs to the past. The studied and 
fully rounded-out plan for dealing with manufacturing enterprises 
is the distinguishing mark of the present and the future. 

Today two separate phases of this general, field of activity are 
recognized, namely- — 

1. Correct designing of plants both as to location and physical 
characteristics, 

2. Effective operation. 

In sequence of development, lh(‘ second of these phases of 
activity came first. Some twenty years ago it was dcunonstrated 
by several men that system and scientific meth()ds applied to 
shop and factory problems would yield results. The work of 
F. W. Taylor stands out prominently in this connection, and his 
paper before the American Society of Mechanical Engineers in 
1901 was the signal for the beginning of a new era. Important 
as was that paper in its relation to personnel control, its greatest 
value lies in the fact that it pointed the way to better methods of 
dealing with all t ypes of production processes. It demonstrated 
that the exact methods of the scientist are applicable in industry. 
As work in this line advanced, it at once t)ecamc clear that existing 
factories were not arranged in a manner suited to operating 
possibilities. Many changes were necessary, some with respect 
to the handling and routing of materials in i)roc,ess and some with 
respect to the comfort and efficiency of workers. Thus grew up 
the activity thaUhas gradually assumed the standing of a separate 
phase of engineering work, namely, the designing and construc- 
tion of industrial plants. This deals primarily with new enter- 
prises, or re-established plants of older concerns, and with the 
consideration of the internal problems of the operating staff there 
arise questions of proper and desirable locations. Thus the 
first of the above-mentioned phases of our subject, grew into 
tangible form, under the stimulus of the second. 

Closely related to the task of adjusting the physical plant to 
market demands, selling methods, strategic location, and internal 
procef^sing arc the problems of financing and organizing the 
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company. It is impossible to plan the physical layout of the 
buildings, rooms, process equipment, and facilities for handling 
materials without an adequate*kn6}vledge of the operating organi- 
zation. The technical adviser wlfrT is laying the foundation for 
the success of the enterprise must h?ivc an adequate understand- 
ing of these matters, oven if he docs^ioj hold the controlling hand 
in all. The branch of engineerin|; which has been thus evolving 
gradually, covering both of these main divisions of activity — plant 
design and operation — has found need for a descriptive name. 
One which has been gaining in favor, and which has been adopted 
in this book, is that of “Management Engineering.” ^ 

Management engineering is a term coining into more general 
use to describe the activities of developing and operating produc- 
ing plants. While freciucnily thought of as being the same a^? 
industrial engineering, it reaches beyond the direct problems of 
production and process, into the field of administration. 

Men of technical training and experience are coming more and 
more into positions where (questions of financial policy and com- 
pany organization are decided. They are applying to questions 
of business the methods of analysis characteristic of engineering 
prac^tice. Their judgment is tempered by knowledge^ of the 
facts of process and operating technique. Their work is a 
blend of that of the mechanical engineer and that of the busineSs 
man, with the first taking priority as the more fundamental. 
'Fhis fact justifies classing the service as a branch of engineering, 
l^hc firinciples of business and finance arc adapted, as the princi- 
ples of physics and chemistry are adapted in the ordinary practice 
of technical engineering, , 

Production is a term which, by a sort of common conseyt, has 
been employed to designate manufacturing in orgajiized enter- 
prises, according to the custom among the industflies themselves. 
The economist observes no such limitation of terms. It will be 
used in this restricted sense in this work, although in the discus- 
sion of organization and kindred topics railroads will be included 
as enterprises producing ton-miles and passenger-miles. Funda- 
mentally, the same basic principles prevail in these, as well as in 
mining enterprises. The test comes on the point of process 
and equipment. Wherever methods arc based on a technique 
that is dependent on materials the physical characteristics of 
which are under control, and on .process equipment of such a 
character tha*t engineering principles are involved, then produc- 
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lion under organized industrial inelhods^inay be said to prevail. 
Ever 'pressing fq.r the best answers arc the •three questions of 
whatj where and how to produeli ufider the existent conditions. 

Production engineer, pro^iuction manager, and industrial 
engineer arc three titles haAi^ing similar meanings but with slight 
differences of some significiance, alb coming within the scope of 
management engineering. The first two rehite exclusively to 
operating activities in established plants. The third may 
^^PPly fo work of that same character, or to the design and 
construction of plants as a business in, itself. While exact 
definitions are not necessary from the standpoint of general 
business, it is necessary to have an understanding of the meaning 
to be attached to these terms as they may be used in future dis- 
cussions on organization and personnel (*ontrol. Such pseudo- 
titles as “efficiency engineer’’ should not be recognized. Every 
man working any wdiere in the entire range of engirn^ering practice 
is as much concerned with efficiency as is he who ha])pens to be 
doing the special things that gave rise to that unfortunate term. 

DEVELOPMENT OF MANUFACTURES 

In briefest outliiu*, w’c need to sketch the history of the manu- 
facturing industries, in order that a view^ of certain fundamental 
factors may be gained. Of these factors transportation has a 
peculiar significance. In the period whem means for transport 
were few and crude, it controlled in well-nigh absolute manner 
the concentrations of f)opulalions and of industrial capital, 
following which it will be seen that with its developing agencies 
it gradually became the nujans for decentralization. 

Early manufacturing establishments, as industry drew aw^ay 
from the cfom^istic period conditions, were centered in seaport 
towns, because w^ater transportation w^as the only kind available. 
For the same reasons, all towns of large size WTre coast and river 
towns. In no other way could large quantities of stores or 
materials for the support of people and of manufacturing i)lants 
be moved. Of course, many flour and grist mills, as well as lum- 
ber mills, were scattered through areas yielding the raw materials, 
but even in these lines the plants w^re mainly on the rivers, so 
that lumber, especially, could be floated to the seaports. It was 
simply a matter of whether raw material or finished product 
could be shipped the more easily. In activities* like that of 
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spinning and weaving Woolen gogds, where the wool or the goods 
could be transported with about equal facility^ the deterfnining 
element may have been that of cofivenience in moving equipment 
to the mill, this equipment beingj bulky aiftl heavy. The con- 
centration of workers in the coast and river towns tended in the 
same direction. Such conditions explain the early development 
of many of the iJrcsent industrial centers of the United States. 
The start thuS made gave these *towns reputation and prestige, 
as well as trained workers with acquired characteristics, which 
became important factors in a continued development on a 
scale that would not have resulted had more modern transporta- 
tion agencies been ii% use from the beginning. ^ 

Under thp early conditions an extensive maritime trade 
developed, both domestic and foreign. When the railroads came 
into existence, they found these established trade routes between 
the important cities, and, to secure any business, they were 
forced to adjust their rates, for those towns, to a level lower than 
they could afford to maintain on the average*. This meant that 
other traffic, not in competition with water routes, was compelled 
to accept high rates. Out of the situation thus instituted 
there has evolved a rate-making system, based on arbitrary rulings, 
which is not in accord with cither distance or cost of service. 
Although rates have been modified in many details through c. 
gradual process of readjustment, the old established centers 
still enjoy advantages that hold many industries which other- 
wise would bo located in (doscr acetord to fundamental condition- 
ing factors. Kates arc fixed on certain base point s, usually coast 
or river towns, and other localities arc forced to accept differen- 
tials sometimes out of proportion with service demands. The 
way out of this is slow and perhaps impossible of full realization. 
The situation is one that must be taken into a<;co*unt in any 
consideration of the localization of industries. 

After the advent of the railroads, the growth of the iron and 
steel industry was the most striking event in American business. 
Material resources account for the concentration in the Pitts- 
burgh district. Iron smelting, in common with the smelting 
of other metals in general, involves two major materials, ore and 
fuel, and economy demands that only one should be subject 
to long-distance movement to the point of application. With 
a major industry thus established, itself the origin of an article 
which is a raPw material for a host of other enterprises, we see 
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another strong influence inadc,operativ(f. This is the influence 
of relkted industries. It comes partly from •similarity in labor 
demands and partly from liKe trade demands. Marketing is 
made easier when iliany rel&ljLHi lines of goods are handled from 
one point. Those facts explain the growth that took place in 
western Pennsylvania and New Yo/k, and in the three or four 
states to the westward, during the latter half of the nineteenth 
century. Clreat Lakes traffic helped it on, and it r?iust be remem- 
bered also that this section was in the center of the country with 
a vast undeveloped area, rich in food-producing power, on the 
western side. 

Another type of enterprise, one which must stay close to the* 
source of its principal raw material, was developini^ at the same 
time. This was the ceramic industry in Ohio. Related to it — 
in reality a branch activity — was cement manufacturing in 
eastern Pennsylvania and, in lesser degree, also in Ohio, ('lay 
products form today a resource common to many sections of the 
country, awaiting* only market demand for development in 
significant measure. 

An important movement of the past quarter century has been 
that of the cotton-goods industry into the cotton-growing 
states of the South. The controlling inducements were the water- 
power resoun^es of the new region and the chance to cut across 
the long shipping route and reach developing markets without 
the long haul into the extreme northeastern states and then 
back to the westward. It has been a step in which the newer 
means of transportation are used in overcoming the handicap 
represented by prestige fostered by the older. 

There has been a somewhat similar movement in shoe and other 
leather-goods manufacturing toward the markets of the West. 
This is purely# the effect of markets and transportation. Raw 
materials are available on about equal terms throughout the 
country, unlike the situation in cotton goods, and the cost of 
shipping the finished article to market has been the determining 
factor. St. Louis became an important shoe city many years 
ago, and now the business is moving still farther west. 

A different set of conditions led to the growth of the agricultural 
implement business in the Mississippi Valley states. As agri- 
culture on the level plains of the West was built up, new types 
of machinery and implements were demanded, thus creating 
a market distinctly regional. Transportation irf the finished 
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state is expensive for such articles, so that manufacturers in the 
near-by centers hafl several points of advantage. 

Still anothef industry in which transportation casts the decid- 
ing vote is that of petroleum refining tor the volatile fuel products. 
No particular grouping is noticeable. The light products, espe- 
cially gasoline, ar^transportotl only fft- qf^nsiderable cost and some 
danger, while jpipe lines furnish^the means for moving crude 
oil economically. The result is the placing of refineries at 
important marketing centers. The opening of now producing 
fields in various parts of the country has caused a wide spread 
of the refining business as a whole. The date of the beginning^of 
oil refining was so late, however, that it has pre^vented the 
building up of any center of activity in such a degree as to amount 
to concentration in any one section of the country. 

In considering the extent of growth of the industries for our 
present purposes, values of products form an unsafe guide. 
The value of the dollar has varied so greatly that it does not 
serve as an index of the true influence of the several activities as 
factors in social and economic progress. A more significant, 
because more constant, element is the number of persons engaged. 
While it is true that the product per employee has steadily 
increased, there has been a measure of uniformity in the increase. 
Aftei all, it really is the influence on population rather than thS 
amount of goods produced that is of significance, and, for this, 
the number of persons employed is the direct index. 

The following tabulations and graphs show how some of the 
more important industries have developed over a long period of 
years. For some of them it has been possible to trace the growth 
in the several groups of states, and thus to portray the gradual 
westward movement that has taken place. , 

In the aggregate, the sum total of the manufactuilng industries, 
combined with the railroads and coal mining closely related 
thereto, constitutes the means of livlihood of a large portion 
of the population of the country. In the last few decades the 
United States has become an industrial nation. While exports 
of raw food nroducts, cotton, and a few other commodities 
continue, we have developed as a market for these same commodi- 
ties, so that imports in various lines are coming in, and our exports 
have changed gradually to include finished manufactured goods 
in manj^ lines. The present status is one of mixed interests, 
more difficult to deal with successfully in the adjustment of trade 
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(o) Includes terra cotta and other breclay products. 
(6) No figures given. 

(c) Includes lime and cement. 

(d) Includes custom work. 

(e) Pottery only 
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relations than was the case when imports were almost wholly 
manufactured articles and the aim was to stimulate home indus- 
tries by protecting ^,thcm frpm foreign competition. For the 
maintenance of trade in the itiarkets of the world, on which the 
present system depends, there exists the necessity of holding 
down costs of production'. 'Rome of the cond'tions peculiar to 
this country tend to increase costs, notably high ,wage scales to 
accord to living standards. To offset this, other cost elements 
must be reduced, mainly through improved design and efficient 
methods. It is this necessity which has brought about the highly 
developed systems which characterize American industry, aiid^ 
out of which this new phase of technical activity known as 
Management Engineering has grown. 

We thus come t o a consideration of this thing which is t ermed 
the Faetory Systran. We need to analyze the true elements 
which form the basis for the present methods of doing business 
in the producing industries. Superficial statements do not 
suffice. In order to understand the plan of organization, con- 
struction, and operation of a modern enterprise, or to forecast the 
conditions for such, we must get at the underlying principles. 
To do ,this it is necessary to go back of the physical and look at 
the fundamental economic principles which underlie produc^tion. 

THE FACTORY SYSTEM 

Consciously or unconsciously, as modern industrial methods 
developed, it became recognized, on the one hand, that the 
populations which constitute the markets of the world were 
intensely concerned with the conditions surrounding the produc- 
tion of manufactured goods, and, on the other hand, that pro- 
ducers, in their need for permanent and steady markets, must 
consider with care the demands and needs of those markets. 
Exceptions and monopolistic ventures to the contrary notwith- 
standing, the history of manufacturing has been that of the 
growing needs and capacities of consumers, with the progressive 
manufacturers ever studying and anticipating those needs and 
usually making possible the notable advances in the arts of 
civilization. 

In the early years producer and consumer were close together. 
This was true in the geographic sense, with the limited trans- 
portation facilities, but in a more significant sense it was true 
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with respect to metho*ds • and aims in production. Even after 
machinery came ihto service and adequately equipped factory 
buildings became the rule, at*least in a few industries, workers 
were still in relatively close tou^fi with consumers. Too fre- 
quently, perhaps, we allow our jlidgments to be formed by 
conditions in tl^e cotton and wobleji goods branches of the 
textile industry. It is true that^in those two lines development 
to something near present-day conditions took place rapidly. 
In the far greater number of manufacturing activities, producing 
workers remained in. touch with consumers and their needs well 
on toward the later decades of the nineteenth century. Specmli- 
zation had not becoflie pronounced in most lines, and each worker 
had to do with the product as it assumed the form in which it 
was destined to serve the consumer. Ilis part in it was specific 
and api)arent, and he could not escape a personal r('sponsibility 
for quality. The incentive for him was to prodiK^e an article 
having tangibli* qualilic^s associated with the ultimate consumer 
whose existence was real. 

As development proceeded in one industry after another, the 
fdiysical ecpiipment iiu^reased in many respects and in ways 
which w(! need not attempt to analyze. But machinery of the 
physical pro(^ess variety ditl not bring about the vital change. 
Th(' fact of having mechanical power derived from steam or otlft'r 
motor did not. Even with all the physical appliances, and in 
large buildings, many workers might have continued to prodiuie 
with the same direct contact with the finished article and with 
the needs of the consumer. The vital clement of the new 
system with n\sf)(»(;t to the individual worker is that he no longer 
has that contact. He is now working on the produej^ion of 
articles, or parts of articles, or is assembling parts which others 
have made. He no longer produces the article having real 
working qualities, but an article conforming to specified stand- 
ards. Ilis incentive to effort is different from the former one. 
It may be made as real an incentive, although different, but 
that depends upon the management, not upon the needs or demands 
of the consumer. The contact between producer and consumer, 
through which the aim of production is realized, is by delegated 
agents. It is action in mass. 

Some may say that this change in the status of the worker is the 
effect only of the factory system. , It is more than effect; it is the 
significant factor in the system. Not physical equipment in 
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itself, but organization of the plant and staff, management of 
operating details^ and determination of character of product 
are the vital elements. The worlcer is the vital foyce at the last 
analysis, and the others arc^ <5,ger\cies through which his efforts 
are made effective and coordinated with all other forces. The 
system is the result. , • r , , 

This is the point to which wg have grown in byt little over a 
century of progress. There are many real problems to be solved 
by those who are to control further advancement, some of them 
human problems and some of them physical. It is a challenge 
to the technical man, who must bear the brunt of the task. 

FACTORS DETERMINING LOCATION OF INDUSTRIES 

In the preceding sketch of the development of manufacturing 
acitivities, mention has been made of certain influencses which 
have led to the building up of centers. Especially has it been 
noted that transpoftation agencies have controlled in marked 
degree. Further discussion of that factor is unnecessary, except 
with respect to the reference there made to the effect that the 
railroads have become a decentralizing agent. In this view of 
the present situation there should be included with the railroads 
the other means of cornmunicjation as well as local transportation 
appliances. The telephone and the automobile have acted with 
the steam roads to change the conditions of living in vsmall towns 
and rural districts. Marketing is a different proposition from 
what it was a few decades ago. Demands for goods are more 
uryform in all parts of the country. There is a new social 
systenj as well as a new factory system — an effect that cannot be 
overlooked. ^ 

A well-known authority on the scientific location of railroads, 
A. M. Wellington, has called attention to the fact that true 
economy is secured when the combined cost of production and 
transportation is a minimum. In the early days of railroad 
building this meant opening up undeveloped regions, the raw 
products from which could be carried in quantities to the centers 
of population where demand was largely localized. Those 
centers coincided mainly with manufacturing centers, for reasons 
cited in the preceding section. But the areas thus opened have 
built up rapidly in population— the purchasing power and tastes 
of these people being similar to those in the eastern cities. This 
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called for return shipments oi ^oods in finished form, of types 
more expensive to* transport than the raw materials whicli were 
moving east. , The cost of handling was greater and the kind of 
freight cars required was different# from the kind used for cattle, 
grain, and ore. Return shipments in kind were not forthcoming, 
so that long trains of ‘‘empties’’ have been familiar sights on 
our roads in Jt>oth directions, furthermore, much of the raw 
material for the finished goods moving west could be moved more 
cheaply than could the goods themselves, constituting a motive 
for placing more manufacturing nearer the growing communities 
of the West. Thus started the westward stream of iron, cgke, 
leather, and baled textiles, there to be convert(‘d into goods for 
the market; while in similar measure cattle, wheat, corn, and 
ores were stopped in their eastward movement for manufacture 
at intermediate points. Thus decentralization was begun. 

One of the best illustrations of this process is afforded in the 
decision to establish a steel plant in the Duluth iron ore district, 
in this case the lake steamship lines acting in the place of the 
railroad. Fuel, the raw material parallel to ore in the iron blast 
furnace process, can be moved from the Pennsylvania fields to 
Duluth in the same boats that bring ore to the Pittsburgh fur- 
naces, reducing the extent to which those boats must return in 
ballast. The steel produced at the new plant is destined for the 
trade of the Northwest. 

The trend of adjustments in freight rates is toward the same 
result. A gradual breaking down of the rate system favoring 
the older established industrial centers is apparent. It may not 
be clear as yet what the final rate system will be, but one may 
venture the opinion that the trend is toward a combination of 
railway terminal and transfer charges, and distan^ie of actual 
shipment. In several recent decisions of the Ifiterstate Com- 
merce (Commission the consideration of length of haul has been 
apparent. Because of the necessity of moving certain commodi- 
ties in bulk for long distances, under the conditions existing in a 
country of large extent like the United States, where different 
sections have their own natural products that must move at low 
cost to population centers, it is not possible to change to a 
system based strictly on cost of service. However, in respect to 
the same commodity, moved over varying distances in different 
parts of the ^country, there would seem to be good reason for 
taking account of the item of distance in a more specific way 
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than has been done in the pastf. As the* process of adjustment 
along this line continues there will be an increased incentive 
toward production of articles *in *their final marketing form at 
points favorable to distribulUpn, especially when the materials 
employed move over the lori^ hauls at lower rates. 

It is a recognized facti that in this countijv we have been 
prodigal in regard to transport|ition. On the toij-mileage basis 
the amount per cajnta is higher than is necessary. This is due 
in part to accidents of climate and to])ography, but mainly to an 
unscientific distribution of industries. Thc.Wellington principle 
of minimum combined cost of production and transportation is not 
being realized, even with the freight rate question in its pr(‘sent 
status. The result is unnecessary congestion of traffic at certain 
seasons, and shortage of rolling stock at othc^r tiim^s. The cause 
is not so much th(^ railroads in themselves as it. is the lack of a 
true industrial system. The remedy, wlaui onc(' api)li('d, will 

have further decentralization of industry as one of its elements. 

« 

Raw materials bind certain industries to locations at points 
at or near the source. It is impossible to conceive of plants 
engaged in the production of cement, brick, tile, and other cera- 
mic commodities, located far from (U'posits of limestone, shales, 
and clays. 

Sometimes it- is a secondary process material, such as fuel, that 
is the localizing factor. Process and the relative costs of trans- 
portation must be analyzed in settling the cpiestion as to which 
factor prevails. Again, it may be a combination of material 
and power resources, as in the easels of the laige ])ulp paper 
enterprises which have been pushed back into the forests of the 
Nortlf on streams affording water power. For all such, economy 
in production i^s the controlling consideration. 

The market is followed closely b.y another group of industries. 
For such it will be observed that the product is of a kind expen- 
sive to transport, whereas the raw materials ship readily on a low 
rate classification. Shoes and other h'ather goods are illustra- 
tions, as arc certain kinds of rnetal manufactures. The combina- 
tion of transport facilities and market is exhibited clearly in the 
instance of the Standard Oil Company, whose refineries handling 
Mid-Continent crude oil arc distributed along its pipe line at such 
marketing centers as Kansas City, St. Louis, and Chicago 
(Whiting). 
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Climatic conditions constitute another controlling influence. 
A case in point is *thc humid atmosphere of England ancf of the 
Atlantic Coast states in its etfect on the textile industry, some- 
times combined with cheap watei^power, as applied to the high- 
powered cotton spinning and weeing processes. While it is 
possible to control artificially such a^thjng as the moisture content 
of the atmospjicrc within a plai^i, so that textile manufacturers 
need not always cling to a given region should other factors 
become prominent, still a natural condition such as this consti- 
tutes a marked advojitage. 

Labor conditions determine in large measure the location pf a 
wide variety of activities. Whatever may have been the original 
cause's, development in a region will give rise to a type of popula- 
tion that is adapter! to service in that kind of factory. Sorne- 
tiriKis such adaptability of population is based on mental or 
social traits, sometimes on acquired skill, sometimes on national- 
ity. The class of work called for has a relation to this situation, 
and it must be recognized by the successful manager. In many 
respects this is the most compelling of all the influences that 
operate to determine the location of the more general types of 
industries. Tie who locates his enterprise in opposition tq it must 
('xpect to si)end both capital and time in creating an environment. 

In the industrial field one frequently meets cases of successful 
enterprise's that seemingly violate all of the established prece- 
dents. One sometimes wonders how a plant ever happened in 
such a location. Such instances form a sort of oasis in a desert of 
dry formalism. ITsually they are explained as the results of 
personality and determination of individuals who have seen At 
to go into businc'ss and have stuck to it. Sometimes tlvjy are 
pure accidents. Rut if the really successful ones ^re carefully 
analyzed it is likely that a good reason for succeSs will be found, 
and very commonly this reason exists in the form of a marketing 
situation that many have failed to appreciate. It is such a 
circumstance as this that gives encouragement to those who look 
forward to a more general development of manufacturing in all 
parts of the country. It will require close and accurate examina- 
tion of the controlling factors, and then some courage. There is 
need of the developed mind, however, to insure that foolhardiness 
be not mistaken for courage. 

In every location problem thcKe must be made an intelligent 
analysis of the sit\iation. The industrial expert can afford to 
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neRloct nothing. Seemingly small thingfe may tip the balance 
for this or for th^t location. The changing conditions of trans- 
portation are leading to new developments. Rates on many 
commodities will never retuVJi to the old levels, and shifts in 
producing centers will result. The changing of basing points 
in our artificial system o^ adjusting, freight tariffs would mean 
many industrial readjustments^. The increasing significance of 
the food-producing power of the soil — the increasing burden on 
transportation coming from the need of carrying food to ever 
growing centers of population — all such ma^tters are destined to 
bring about changes. The production engineer or manager 
(!annot live to himself in his plant. Produetton is linked up with , 
all those other elements. To know whofy whersy umi^how to pro- 
duce is the full problem, and there are many variables and some 
unknowns involviMl in the solution. 

PRODUCTION FACTORS 

4 

may now group together the several factors whiesh have 
direct influence on the problem of production. In any analysis 
of conditions which bear upon the question which confronts any- 
one contemplating the starting of an enterprise, certain things 
niMst be settled. Some pertain to local matters and some are 
inhenmt in the nature of the business. To assure success, th('rc 
must be found the best combination, which means compromise 
on some points in most cases. Knowledge of conditions in the 
territory and careful study are nc'cessary. Under the following 
seven heads may be grouped these conditioning factors: 

1. * Market. 

2. Capital. 

3. MateriaVs. 

4. Process, involving equipment. 

5. Labor. 

G. Power, availability and cost. 

7. Transportation facilities. 

Previous discussion has borne mainly on the question of loca- 
tion. It has been seen that each of these factors has a bearing on 
that, unless there be excepted capital and process. Even on 
these, local conditions may have some bearing. Banking houses 
may be friendly or unfriendly. As to process, such* a matter as 
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water supply, both as tb quality tand quantity, may be of signifi- 
cance. Hence it may well happen that every,, one of the? seven 
factors has its part in the selecfioif of the most favorable location. 

For economy in production, the^&me statement may be made. 
The scale on which the business is to be conducted has a direct 
influence, and the extent of market <jjemands and of available 
capital has weigT^it in determining this. Many an enterprise 
has found its way into the bankruptcy court because marketing 
conditions wen* not correctly estimated at the start, and many 
others have gone the same way because of insufficient capital. 
They arc business matters which some continue to think of as 
non-technical, but they are so closely bound up with the tech- 
nique of pro^luction that separation is impossible. It is a distin- 
guishing mark of the new order of things when production experts 
show ability to deal intelligently with them. 

The significance of these factors docs not end when questions 
of location and finance ar(‘ settled. They figure prominently 
in the design of the plant and in forming thc*operating organiza- 
tion. Every establishment has its own peculiar setting, calling 
for specialized treatment based on the properties of materials, 
it may bc^ or, in other casrvs, where standard materials are 
employed, based on the form of power resources as affecting types 
of equipment and its arrangement in the plant. Such variations 
make the task of designing industrial plants one which is alive 
with interesting i)robl(uns and which presents opportunities for 
the most talent(*d to exercise their powers. The selection of 
power equipment depends upon local conditions. Climate 
influences the necul for heat, sometimes tipping the scales in 
favor of, or against, the choice of steam i)owcr generators in 
comparison with internal combustion engines or purchased electric 
power. WatcT supply may decide the question bctwe*en condens- 
ing and non-condensing engines. Prevailing atmospheric con- 
ditions may necessitate air washing and humidifying, or call 
for special care in the protection of employees. These, and many 
other elements, call for true plant designing as a condition for 
making economic production possible. 

Finally, in the operation of the plant the working organization 
is influenced by these factors. Conditions in the marketing area 
will determine methods of selling and so react on the sales force. 
The types of available labor will determine the emphasis to be 
given to traifling and to welfare activities. If the location is in 
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a remote district affording littk in the ^ay of homes and social 
advaittagcs, thc^nroblem has many aspects different from those 
in larger towns. The executiv^e staff must be selected with such 
matters in view. Policies as yO the use of surplus lunds, building 
up of the plant, and reserves for depreciation and amortization 
depend upon such matters as growth of market, permanency of 
supply of materials, or continued productivity of the soil where 
the business depends upon farm products, all of which influence 
the probable life of the enterprise. 

Operation is removed in certain respects from the earlier phases 
of the design and establishment of the enterprise. Oiven the 
plant, the internal factors govern. Successful administratiort 
consists in the effective control of those factors whjch represent 
the physical and human forces acting under the imposed condi- 
tions. How this control has developed into forms characteristic 
of modern industry is the subject of the next section. 


DEVELOPMENT OF THE ADMINISTRATIVE FUNCTIONS 

It is important here to observe the functions of the several 
agencies employed under the general designation of organization 
and management. It is through these agencies that economic 
results are obtained and the system maintained. To do this, 
one may best start with a simple one-man industry of domestic 
variety and trace its imaginary development to the fully organized 
plant. 

In the early stages of many machine-building companies one 
man performed all of the severalfunctions. The machine, usually 
simple, was of his own design; he had built his shop and equipped 
it from his*ovp or borrowed funds and attended to its upkeep; 
he selected and ordered the material; he performed the actual 
work of construction, perhaps with a few assistants who worked 
under his direct supervision and were personally interested in 
the finished machine; he kept his accounts himself, calculating 
costs and profits in the business; he attended to the selling of 
the product, this being accomplished mainly by the taking of 
orders from acquaintances or from jobbing houses. He thus 
held full control over the enterprise through this exercise of 
the six main functions in the producing activities, this control 
constituting the seventh function. 
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With the growth of \)usiness k. became necessary to add to the 
working staff, and the other activities absorbed his time more 
and more fully. The supervision of the workers soon passed 
to an appointed foiernan, and thT^n to a superintendent of pro- 
duction, whence the function of op%ration passed from the direct 
hand of the owner. Tliis Jepartnfent has taken many forms in 
various plants, with numerous organized branches to take care 
of the problems arising in connection with the hiring, directing, 
and care of labor. With gi’owth and development, specialization 
became profitable and possible, while the individual worker 
became irion* and more' widedy separated from the finished article 
as before' noted. • 

As the opc'rating function passed from tlui dirt'ct hand of the 
owner and the use of the plant became more formal izc'd, problems 
of equipment incieased. Buildings, procc'ss macdiinery, i)Ower, 
heating, lighting, sanitation, and othc'r details demanded constant 
attention, and in time another dc'partiiu'iit was formed to exercise 
th(' function which may be designated a^ that of equipment. 

Similarly, the progress of events made lu'cessary the perfc'ction 
of the product and the devising of ih'W forms for widcir applica- 
tion, so that designers with si)ecial training and experien(;e were 
employed. This meant the separation of the function of design 
from the direct duties of the' owner. So with tlu' functions bf 
accounting , purchasing^ and selling^ until the* owiuu* and original 
performer of all vital parts of the work found himself divested 
of the sevc^ral burdens of direct responsibility calling for si)ecializa- 
tion in action, but retaining the one function of management or 
control over the business as a whole. ^ 

While every enterprise may not have* an organization^ wdiich 
conforms to the exact outline here given in respect to^the creation 
of separate departmc'iits, all on a common level of fiuthority under 
the general management, these six are the functions whic^h must 
be performed effectively in every plant wdiich does businc'ss on a 
scale which warrants a rating in the commercial world. Mere 
size is not the criterion, but if tluise elements are recognized and 
operations made to conform in general to such a plan, then the 
modern factory system may be said to obtain. 

This list of functions to be exercised in the conduct of opera- 
tions by a producing company is the basis of organization. 
Enumerating them more nearljr in the order of treatment, 
although not necessarily in the order of importance, they are 
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management or control^ design^ equipment] operation^ purchasing 
or material, sales, Siud accounting or 'comparison. In respect to 
complexity of the task, as welKas^n touching the vital element 
in the factory systenr, operatidii is the most significant. During 
the period of marked advancement in the. physical aspects of 
industry, up to the opening years of the present (century, opera- 
tion was given comparatively little scientific stiufy, l)ut at present 
its more perfect dev(‘lopment constitutes a heading part in the 
work of the industrial engineer. In th(‘ chapt.ei* on organization 
the seven functions will be taken as a basis, and types of develop- 
ment adapted to diff(‘rent Inanches of industry work(‘d out in 
detail. • » 

CLASSIFICATION OF INDUSTRIES 

Manufactures Classified as to Character of Product. — Tor 

many purposes, it is convenient to employ the classification 
adopted by the United States Census Bureau. Uensus r(»ports 
give much data that arc of value, evi‘n though subjc^ct to many 
errors because of variations in gathering information on the 
many separate enterprises. The. published figiir(\s an* averages 
covering a wide range of conditions, and thcni^in lies their signifi- 
cance, as well as an indication of the maiiiKM* in which they should 
be used. Attempts to use them in dir(‘ct ajiplicatioii to individ- 
ual concerns are attended with doubt as to reliability, so that 
th(*y must not be takc'ii as infallible guides, but when used in Ji 
sane and conservative* manner as gen(*ial indications of the 
(conditions und(*r which operations may proceed, th(*y an* of 
scivicc. Such usage* presupposes an acerornpanying study of 
local conditions. 

In Uhapte^r II there is given the result of an analysis of ('(*nsus 
data for 50 representative indust rie*s, in the form of a table 
showing relative valuers of the dejminant faeitors which enter 
into plant operations. The complete discussion given there 
makes further comment at this point unnecessary. 

Manufactures Classified as to Treatment of Material. — Impor- 
tant differences exist in this regard, their effects being felt in the 
design of the physical plant in respect to such matters as providing 
for storage of materials in the raw, partly finished, or finished 
states; for shipping facilities inland out, and local transportation; 
arrangement of procc;ss equipment; and organization of the 
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working force. The distinction^ are not sharply drawn, but it is 
of some value to rpcognize the three following ^groups: * 

1. Analytical industries. 

2. Synthetical industries. 

3. Neutral or conditional indiL^ries. 

The fii’st type represented any business which uses a single 
raw jnaterial ,t() f)roduce an article which possesses properties 
markedly difTcrent from the original, so that the process is not 
simply one of concentration or separation. Process materials 
may b(i employed in various ways, but the product in its final 
form (iontains only the one kind of substance, or some part 
thereof. Naturally, there may Ix' several products derived from 
a single raw material. Illustrations of this type are found in the 
simph'i* ic'xtile mills, where the process ends with spinning or 
simple weaving; meat [lac^king; sugar refilling; lumber mills; wire 
mills; petrokuirn refining; flour mills; salt manufacturing by 
the evaporative process; and ice manufacturing. 

The s(x;ond type is rc'.prcscnted when two or mor(‘ materials arc 
treated and combined to form the finished product. This maybe 
done simultaiKXiusly, by consecutive steps, or by concurrent 
treatment of materials which are afterward united or assembled. 
In the first of these divisions come blast furnaces, paint and man^y 
other chemical works, dye works, clay products, glass, cement, 
canning and pr(*,serving, etc. In the second and third divisions, 
Ixd-ween which it is not always possible to distinguish, and to do 
which is really unnecessary, come many of the more complex tex- 
tile industries, including th(^ manufacturing of hats; leather and 
l(*ath(*r goods of all kinds; paper; and an immense variety bf 
industries in metal and wocxl, and all conceivable combinations 
of those materials in salable articles; and includitig also the 
erection of structures of all kinds. 

In the third group come the industries describi»d as being: 

a. Locative, when matter is simply moved, as in the business 
of transportation companies. 

{). Concent rati VC, when material is separated from impurities, 
as in the conctmtrating of ores, rice cleaning and polishing, etc. 

c. Purely conditional, as in district heating and refrigerating 
enterprises. 

Industries Grouped as to Dominant Factors. — In the business 
of producing and marketing maniffactured goods, there are two 



24 


MANAGEMENT ENGINEERING 


requisites necessary to success. .These are quality of goods and 
econoifiy in the various processes. All of the ipany factors which 
go to make the successful enteiprise are but variations or parts 
of one or the other c5f these. 

Before proceeding to discua.s'the different ek'meritary factors in 
detail, it is well to observe thgl a more or less definite grouping of 
the different industries may be made * there beinfe in each group a 
common principle which has (h^veloped in practice and which 
is plainly influential in the attainment of the two (issentials — 
(juality and economy. In referring to these essentials the woid 
'"design” will be used in the sense of determining the character 
of the product, or quality, and the three factors, quantity of 
output, equipuH'nt, and operation, all bearing upon economy, 
will be employed to indicate that requirement. Tliis grouping 
will thus touch closely the questions of prociess and of organiza- 
tion and will serve as an introduction to the later sections in 
which those two factors are dealt with in much greater d('tail as 
regards a f(‘W selected industries. This brief survey will serve 
the purpose of bringing attention to certain facts regarding 
methods and practices in many of the lines of manufa(‘turing, 
some knowledges of which is essential to an intelligent discussion 
of the )iroduction factors listed in the preceding section. Fns- 
(l-.iently it is conve^nient to separate the complete industries into 
component parts, wh(‘n the parts represent proc.esses which are 
carried on independentiy, often forming distinct ent(*rprises. 

The leading factor in this grouping is the character- of product, 
in the sense of quality. 

Group 1 . — This includes those industries in which character of 
product is determined almost wholly by the raw material 
employed, the process doing little to change the fundamental 
nature of tfic iriat.erial. Two subgroups should be recognized: 

a. Those in which improved equipment is mainly for the 
purpose of bettering the quality of the output. 

b. Those in which improved equipment is mainly for the 
purpose' of lowering cost. 

Naturally, most of these industries are of the analytical type, 
usually with but a single product coming direct from the single 
raw material. Equipment is employed always, but it is of a 
standardized form to suit the comparatively simple process, or 
else is of a nure labor-saving^ character for transimrtation pur- 
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poses. Operation is emphasized, it being largely the pertofmance 
of routine duties. Standards of (fiality are set by superintendent 
or foreman, either by adjustments machiiiery or by occasional 
sampling and testing of product, find in most cases but little 
responsibility of this kind rests upon the working operative. 
As a rule the nudibcr of worTcers is small in proportion to product. 
The quantity &f output depends Birgely upon the plant considered 
as a unit, rather than upon the individual worker or individual 
items of equipment. Great care is necessary in the selection 
of purchased raw ma'terial. 

The following incfustri('s may be classed in this group: 

a. Flour and grist milling, for th(' standard products. 

(-otton, wool(m, and silk textile mills, for the processes up 
to th(‘ end of spinning and drawing. Separate* plants for 
the production of yarn are numerous. 

h. Slaughtering and meat i)acking foi* the* standard products. 

Lumber mills producing usual stock lumber. 

Natural cement plants. 

Rice cleaning and polishing plants. 

Raw sugar mills. 

Salt manufacturing. 

Canning and presei ving for standard ])r()duets. 

(irowp 2. —This includes industries in which (*haracter of 
product depemds more dii’cctly than is true in Group 1 upon the 
ee^uijimont employ (*d. "Jlie character of the raw material is nbt 
chang(*d in any chemical or fundamental sense, but the product 
is worked into more eompk'.x forms and in most cages two or more 
raw materials an* combined, although thes(* materials may be of 
the same basic character, as in the ease of tlu* warj) and filler in 
th(* weaving of cloth. 

Equii)ment, of course, is of special importance, affecting both 
(luality and (luantity of product. Increased output may be 
effected by attention to individual equipment units as well as 
by complete plant d(*velopment, and this involves the special 
training of machine operators and other workers. Thus the 
management functions pertaining to operation and equipment 
receive atterrtion in about equjfl measure. The number of 
workers remains comparatively small in proportion to product. 
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Th(.< following may be classed in this group 

The more complete textiic •‘mills for weaving of cotton, 
woolen, and^ silk cloth, including mills ‘for com])l(^te 
treatment of inaU'riafefroin raw state. 

Knit goods. 

(V)rdage and twine plants. 

Carpet and rug weaving. 

Milling of special cereals, breakfast foods, et(*. 

Boot and sho(^ factories, in both heather and rublx'r. 

Paper bags, boxes, etc., separate from pa])ei‘ mills. 

Wall paper factories. 

Standard forms of hardware and slu'ct metal, wh(T(‘ \it('nsils 
arc formed in presses and stain j^s, including nail and wiri^ 
mills. 

Special wood novelties, spool mills, toolhpicks, match(*s, (‘1c. 

Ice manufacturing. 

Concentrating and reducing mills for treatment of medal or(‘s. 

Bubber tires for vehicles. 

Public utiliti(\s, including transiiorlation, light and powcT, 
and telegraph and telephom*. 

./.rroup 8. — This includes the great variety of industi ic's in which 
character of product depends upon the i)roccss. Baw mat(‘rials 
of proper kinds and (jualities are assumed, of course, but, in 
general, these products are determined by th(^ process, the same 
materials being susceptible to working into differ(‘nt articl(\s. 
In most cases extensive equipment is employed, affecting both 
quality and quantity of output, it being mainly of spc'cialized 
forms' adapted to the process. This last element touch(‘s the 
most signifi'caqjt point of difference between Croups and 4, the 
latter including those industries in which standaid (^quii)ment is 
employed and adapted by the workers to the production of variixl 
articles. 

These industries call for staffs of experts and trained workcu's 
giving special attention to quality as well as form of product, 
and also to the specialized equipment. In many cases this 
special treatment extends to types and form of construction of 
buildings in order to adapt them to the equipment or to facilitat(», 
the movement of material, or both, as is noticeable in sugar 
refineries and leather tanneries* Hence the organization element 
of design, in its^ broadest sense, comes to the front alongside, if 
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not ahead, of equipment and operation. As a rule the cntfirpriscs 
require large capital investn^ents, and the general function of 
management, or control presents ^jpiportanl and comprehensive 
problems. For most of them, hoi;jever, the products are few in 
often of a single variety, so that accounting problems as to 
unit cost of oui iiut are conqiarativcly* simple'. The same is true 
as to vari(‘ti(i5 of purchased material, but the quality of that 
material is an important consideration. The number of workers 
generally is gn'atcr than in the preceding groups, and sociologi(;al 
questions in adjusting the conditions for labor enter into the 
jnobk'in of operation. The training of operatives must be'ar 
upon the nat are of the product as well as upon the use of cquip- 
m(*nl, alllKtugh the proportion of highly skilled workers to the 
total is not great wlu'n compared to (Iroup 4. 

Th(* following may b(' classed in this group, many having a 
chemical basis: 

M('at packing and curing. 

Sugar refining. 

( 'onfectionery. 

Bakery products. 

Dairy products. 

( llucose and starch. 

Leather tanning. 

Soap manufacturing. 

Liquors and bev('rages. 

Oil refining. 

Paper and wood pulp, and 
si)ecial products of th(' same. 

Portland C('ment. 

Brick and tile plants. 

Glass manufacturing. 

Lime kilns. 


Zinc and copper smelting. 
Paint and varnish plants. 
Turpentine and rosin plants. 
CVud(‘ rubber plants. • 
Explosives. 

Photographic* sui)plies. 
Ghemicals, in general. 

IMast furnaces. 

Foundry products in all 
metals. 

Stec'l and rolling mills. 

Tin plat(' and tern plate* mills. 
Hat and cap factowc's. 

Print and dye works. 

Oilcloth and linoleum factor- 
ies. 


(Jraup 4. — This includt's those industries in which the character 
of th(' product depends upon labor combiiu'd wdth process. It 
is labor applicul to fabrication, and the process is almost purely 
I>hysical rather than (chemical. It differs from Group 2 in that 
the worker dominates ('(piipment instead of equipment dominat- 
ing the tvorkvr. Labor determines both quality and quantity of 
output in most cases. 
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All |Of the industries are synthetical, employing several 
materials, usually*, and producyig a variety of products. All of 
the s(^vcn functions qf managgpient are fully developed: manage- 
ment or control with its general problems; design, applied almost 
entindy to the product; equipment, involving mainly the selection 
and care of standard inactiiiH^ry, problems of transportation of 
material, and power; operation in its highest formias regards the 
personality, training, coordination, and can^ of workers; purchas- 
ing, storage, and distribution of material in most complex form; 
accounting in most (daborate form by reason of the varied product.; 
sah\H, in many industri(\s involving extensive organization in 
widely scat t (‘red tcM-rilory. 

The following may be classed in this group: 


Leatln^r goods, iK'lting, and 
novelties. 

Tobacco goods. 

Turniture. « 

(doves and mit terns (leather). 
Musical instruments. 

Printing and publishing. 
Clothing and furnishings for 
• men and women. 

Jew(*lrv and precious ston(‘s. 
Clock and watch making. 


Toys, games, dolls, (‘t c. 

Brooms and bi‘ush(*s. 
Professional instruments. 
Firearms and ammunition. 
Locomotiv(‘ and car shops. 
Shipbuilding. 

Ci(*n('ral Jiiachinery and ma- 
(‘hine shop products. 

V(‘hicles, including automobiles, 
bicycles, carriage's, etc. 


The classification of industries into these' four groups is not 
presumed to Ik* a liard and fast one. The dominant element as 
t.f> characte'r of product may not alw^ays accord, in individual 
cases,* with jnacti^-es ])ase‘el upon human judgriK'nt or uj)on 
special i)eei£liarities in material. Progivss is taking place' in 
all lines, and in some cases development in process may be faster 
than that in e'epiipment, and in other erases the reverse is true. 
Process anel the eeiuipment for it are continually supe'rscding 
labor. The' main purpose in such a grouping is to call attention 
to t he fact that promote'rs, organize'rs, and rnanagerrs of enterprises 
must recognize the difference's which e'xist. Manufacturing is 
not a haphazard game of chance to be le'arned after money has 
been invested and operat ion, probably at a loss, begun. It is a 
science', wdth a definite basis in fundamental principles. The* 
science is not mastered when the busineiss man. unde^rstands 
inv('stm(*nts and currency. It is not mastered when the tech- 
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nical engineer understands design and equipment, or the cljemist 
the process. It is not rnaste^ed« when the wandering theorist 
devises operating instruction car(^ and cost-accounting forms 
and imagines himself a scientific panaging expert. It is not 
mastered when mark(‘ts are found.^ It is mastered only when 
all of the factors •an* understood and Applied in a manner which 
is in keeping with the* universal laivs of economics and humanity; 
when it is und(*rstood that those factors bear in all enterprises but 
with differing intensify and that the truly important requirement 
is to understand the relative weights for the enterprise at hand. 
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ANALYSIS OF PRODUCTION FACtORS 

In the first c)\apt(M* sovc'n imniiiry j)rodueti()n factors were 
ineiitioiK'd. They rej)resent as many influences of the physical 
sort, which set the conditions for an enierprise. No organized 
industry exists that does not have sometliinp; to do with every oik' 
of thes(' factors. l^)r every such industiy there* is a special 
combination that represents maximum efhciency, wherein ('ach 
factor is in propcT relation to every otluT. It. is tlu^ province of 
industrial jdant design to analyze and compare, thus to find the 
proper relation, an/l then to create th(‘ physical ])lant that will 
enable efh'ctive mana^eiiK'nt to realize the ])ossibilities in full 
measure. 

Some of th(‘se factors arc' cai)able of (‘X[)r(‘ssi()n in numerical 
terms, «and tlK'refore of dir(M*t comparison. I'Ik* sev(*ral concerns 
eji^j;ap:(*d in th(' i)r()diiction of any f:;iven article* may )>e (‘xpected 
to show similar r(\sults in such coinj)aris()n, barring accidents 
p(K*uliar to some localities. Thus it is that capital, (u)st of mat(*r- 
ials, labor, and power are' relateel eiuantitat ivedy in any single 
industry. What this relationship is, is shown in the fedlowing 
pages for fifty typical bianche*s. In any one* inelustry the pre)c,ess 
i« approximately uniform, save as improved pre)eluctie)n methoels 
may ‘bring abemt diffe'rence's. The scale of e)pe*rations is an 
index of such impre)vements, seating possible* standarels in the 
way of speciafizatioii and mass production. With an available 
basis of comparison which repr(*se*nts ave*ragei conditions, the 
plant designer lias a check on his accoinplishme*nts in improving 
operating conditions in his individual plant. 

The market and transfieirtation faciliti(*s aie* e*xte‘rnal fae*to]s. 
The latter have bee*n dealt with alr(*aely in the*ir ge*neral bearing 
on industrial devedopment and will ne)t be ceinsidercel furthe*r 
now. It is undejrstood that the means for the^ movement of mate- 
rial into and through the plant are includeel in eHiuipment. Switch- 
ing and yard facilities to comicct the plant with -railroael lines 
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are items readily adjusted, although sometime^ presenting prob- 
lems of some magnitudes If it fee taken for granted that the 
designer proceeds wis(;ly in placinff his builfliiigs with reference 
to existing lines, then the arranging fjf shipping facilities b(‘c.omes 
a matter of detail planning. « ^ 

The markiit is^what maizes or brciaks many industri(^s. Its 
importance is feuch that its stud;? be'comes the* primary element 
ill plant design, and it is made the principal topic of the next 
chapt-ea*. If market justifi(\s a plant at all, and if we assume the 
wit and personalit y to’ organize and manage, then w(' may proceed 
to analyze th(' probkins of capital, material, labor, and power on 
a mon(\y basis, if we know c‘nough about [irocess to (aiable us to 
ex('rcise judgment. 

Industrial (mlerprises, in gcuieral, are start,(Ml according to one 
or the oth(‘r of tw^o plans. Tlu^ one is fouml wdien th(‘ jilant is an 
outgrow'th of an older concern, having bcdiind it the accumulated 
experiimce of yisirs of operation. The newtestablishmont may 
be planned to n'lilace the oldc'r, or it may be a blanch to care for 
market demands in new^ t(M ritory. For such a case, the relations 
of capital to the othei’ ini('rnal factors are cajiable of determina- 
tion at onc(‘, with such modifications as the newxT desi^ln may 
offer in tin* (‘V(‘r |n(*seiit attempt to improve* upon conditions. 
Commonly, tin* new jilant will be built complete as to size* and 
capacity, and in it the emginexr will have the opportunity to 
realize at once* on his skill as a ele^signer. 

The* e)th<‘r plan followcel is wdien an entirely new enterprise is 
to be^ cre*ate*d. I'sually, this means starting on a small scale, 
with arrangeunents feir future growdh to be provided. The 
prol)le*m here is more difficult than in the former case, since the 
initial e*onst ruction must be made rease)nably effective, while* at 
t he same* time the e*e)inpleteel plan is to be kejit in mind. The time 
has gone by wdieii businesses may be built u[) by the haphazard 
rnetheiels of siiiijily adeling buildings anel e*eiuipment in kind to 
small initial plants. The* advantage's to be gained from epiantity 
proeluction in the full-sized plant of the future must be* feircseon. 
The small buildings of the first plant must be adapted to exten- 
sions that are to come, anel equipment must- be selected and 
arranged in accorelancc therewith. It is to the designer entrusted 
with this task, possibly in a field with which he may be in a 
measure unacquainted, that the ‘data to be outlined in this 
chapter may be most valuable. 
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(NUMERICAL ANALYSIS OF THE INTERNAL FACTORS 

I 

Capital, cost of materials,' niimber of, and wages paid to, 
employees, and poorer demA.Iids and cost are the 'elements to be 
considered. They are the ‘true factors affecting the internal 
operations of the prodiKfing plant, where process rules. What 
the designer needs to do is to gain an adequate idea of the cost 
of production in advance of investment; or, at least, to estimate 
the operating income and expenditures involved in the operation 
of the plant. To do this he must draw upon the experiences of 
many like' enterprises, modifying, where desirable, in accordance 
with judgment based on knowledge of conditions. 

For such an analysis the value of product stands as the gross 
income, the first outlay being for raw materials. Bc'tween th(*se 
two quantities we find at once a great variation in relative magni- 
tude. In certain industries the incrc'ase in value of the material 
is small; in others it is large. In fact, th(' industric^s differ so 
radically in this rci^pect that the value of j)ro(luct turned out by 
an enterprise cannot be acce[)ted as a nu'asurc' of the significance' 
of that enterprise as an industrial eh'inent in the coniinunity. 
It is increase in value, commonly refi'rred to as added value',” 
that is' the truer measure. 

• Add('d value, therefore, calls for careful consideration. By it 
we iiK^an the value creat(‘d by the manufacturing process, plus 
possible increments to value coming from marketing conditions. 
The latter is an adjunct to the fabricaition of the material into 
the finished article and hence is it.sc'lf directly traceable to the 
jwocess. The added value is wealth produced, and hence is 
tiie measure of imi)ortance of an industry in a town. From this 
portion of its receipts a company must i)ay its labor, make returns 
on capital, *’pa§" power costs and sales expenses, and build up its 
reserves for depreciation and all contingencic's of operation — 
in short, run its business in every line except payirig those' who 
have started production by furnishing th(* raw materials. 

It is clear that these materials thus eliminated from operating 
problems must include those which actually mUiv into th(; 
finished article or arc strictly process materials, like certain 
chemicals, that affect the constituent material as t-o character 
and thus produce the qualities which give valiu' to the product. 
Unfortunately, the U. S. Census Bureau has included with 
materials all kinds of supplies *that are purchased, including fuel 
for power as wqll as for direct process. This makes difficult the 
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use of most valuable &s well *as» the most available statistical 
data. • • ^ * 

In the following analysis of oQn^presentative industries, figures 
from the Census of 1910 are used. fJl course the absolute values 
have changed radically in 14 years, btit the primary object of this 
analysis is to show relative valu(\s, wlvch have not changed so 
much, and mel^ods of proc(‘dure. It is not probable that the 
order in which the industries appear in the list- has changed very 
much, unless by reason of temporary violent fluctuations in 
prices that would be out of adjustment with wage scales. As a 
matter of fact, it is saf('r probably to use these quantities for this 
special purpose than*t-o use the 1920 reports, which an* in r(»ality 
the figures fqr 1919, and which show industrial conditions at the 
most, abnormal stage in an abnormal period. 

In using these Census reports the item ‘‘adfl(*d value'’ has be(;n 
(corrected for fuel and supplies incident to power. That is, 
t.h(*re has been (l(‘diicted from cost of mateiials a C(*rtain amount 
repres(*nting power fii(*l and supplies, which^rneans adding the 
same to t h(* add('d value. Th(* correction is det(*rmined as follows : 

Th(* (\*nsus shows power produced by heat engines and total 
fuel purchas(*d for power and process combined. A list of 26 
industries was selected in which no process fuel is employed except 
in a nominal way for forging and foundry purposes, where those 
processes are incidental. From this, two average figun^s w(^re 
calculated for fuel per horsepower per year, one for industries 
where* large establishments arc* the rule, and one for those wherein 
small 'establishments prevail. At a uniform price of $2.50 per ton 
thc^se two figures aiv. $16.20 and $19.70 respectively. The 
amounts of coal correspond to 4.4 and 5.28 lb. fier horsepower 
hour. To (*ach figure* for e-oal, $6 is added to cove'r cost of water, 
lubrie^ants, packing and miscellaneous supplies, and repair parts 
and materials, giving $22.60 and $25.70 per year as the cost 
per horsepower of commoditie^s that are included with materials 
in the Census. These* average figures are then multiplied back 
into horsepower for all of the industries, in each case according 
as large or small establishments prevail, and the collection 
applied to the added value. For industries like wood pulp and 
paper, and cotton milling, which use large amounts of water 
power, a further correction might be made to cover the repair 
materials used on the watei* equipment, but it is a refineme*nt 
that is hardly necessary. 
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The accompanying table ahawk man>^ significant facts which 
shouM be given careful attention. • The industries are listed in 
the order of their added values per thousand of actual value of 
products. The ra^ige is surprising. For the same value of 
finished goods, the last indu.vt.ry on the list creates more than nine 
times as much wealth a^s docs the first one. It employs nin(^ 
times as many people, us(*s twice as much capft al^ twice as much 
power, and puts tern time's as fnuch wage money into circulation 
in the town. Or take the two largest indust ric's, meat packing 
and general metal manufactures. For the same value of output, 
the latter create^s four and a half times as much wc'alth, (‘inploys 
five and a third times as many pe'opk', and puts six and a third 
times as much w’age money into circulation as doe's the' fe)rmer. 
When capitalistic owners make the' st-atement., as they sometimes 
de), that- their profits amount to only, say, on their total 
sales, that means a profit f'f 10.7^;^ e)n eaj)ital inve'sted for the* 
meat packer and only 2.44^;) for the metal ge)e)ds manufacture'r. 

The third colukin figure's inelicate, then’efore', the relative 
desirability of industries as community assets, me)di(ie‘el by the 
figure^s in the lal)e)r and wage columns, so le)ng as people e*ontinue 
to measure operations hy the e'xtent of gross sales. Naturally 
the ceramic industries, brick, tile, potte'iy, and cement, stanel 
high in the list, since the'ir mate'rials have little value until use'd 
in the proeH'ss. Cane sugar refining, on tlu' other hand, uses as 
raw material the finished jn-oduct of another comidctc' industry. 
Many such instances may b(^ observed in th(* list, but there is no 
purpose in stressing the point. Tht^ striking dilTerences that 
exist are to be noted for what they signify, and that is that the 
production manager must understand and d('al with th() n'lative 
values for his business. 

In order* tli;iit we may really company the dominating factors, 
capital, labor, power- all within the control of the manager 
it is clear from the preceding discussion that the widely varying 
elemc'.nt of raw materials must be eliminated. This is done by 
using added value as a basis, instead of value of product. 
Beyond the third column of the table*, therefore, quantities arc 
based on the unit of $1,000 added value. With that as a basis, 
every industry stands on its own feet-. Value is created— one 
thousand dollars’ worth. How much capital is required? 
I low much power*' How many employees? The thousand 
dollars must cove r returns fo’r these three, and also provide for 
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contingent and dcpreciJition reserves, meet all sales expenses 
other than personal service, as well as all miscellaneous expenses, 
such as insurance, taxes, and rtmt', and supply any profit over 
the basic return of 6%. It should bV noted m passing that 6% 
return on the figun* carried as capitSl is actually equivalent to 
8% or more on net stock inv(\stmeRts^ As here' used, capital 
is the total of f^ll*valu(*s of property, including stocks on hand, 
current cash, etc. Many of the larger concerns have much of 
this in the form of bonds at favorable interest ratios, and all carry 
an appreciable amount as accounts payabki but diawing no inter- 
est. at all. 

Based on added vafliK^ tln'se three sets of figure's on power, 
laboi-, and capital reprc'sc'iit, for the sev(‘ral indust l ies, true 
variations incident, to the proci'sses. No gimcral trend of differ- 
(*nce is pc'rceptible, as was the case with materials, but marked 
difference's appear. There are' a few distinctive'ly high-pow'er 
inelustries, notably blast furnaces, pape'r, anel cement. The 
ligiire^s, $22.()() anel $25.70, for powe'r cost for^Iarge- and small- 
e'stablishment inelustries are' useel lu're' te) convert horsepower 
te) cost. These aie' exe-essive for blast furnace w^enk and wejod 
fiulp jiaper plants, wiie're' the feirmer use's waste gases for fuel 
anel the latter use's w’ater pe)wer, anel this fact I'xplaiiis the* low 
margin inelicated in the' last column. 

Feir labe)r, highly ele'velope'el machines anel chemie*al process 
inelustrie's she)W small charges. The smallest e)nc is be'ct sugar, 
e^ane' sugar ieing close? be'hind. Here the pioe'e?ss e*epjipme'nt is 
eilaborate', with material handling ele?\ices weil de‘ve'le)peel, as is 
true alse) of blast, furnace's, llosie'iy anel knit goe)ds carry the ^ 
largest number of e'lnploye'e's, but with a ve'iy low^ pe'r e'lnjdoyee 
wage— $384 pe'r ye'ar. Other inelustries emple)yiiig w’oine'n and 
childre?n sheiw’ uf) here with a low' w'a,ge, suedi as cotton, goods with 
$380, canning anel preseu-ving (se'asemal industry) $384, tobacco 
goods $438, butteins $448. Inelustries emple)ying skilleel workers 
on specialized articles, like cash registers, typewriters, and emery 
wheels, have a me)ele'iatei t.e)tal w'age? but a high wage per 
e?mple)ye'e. 

Fe)r capital, the highly ele?velopeel pre)cesses, such as for blast 
furnace^s, cement, and sugar, call fe)r high investments. Leather 
tanning is an example of the way in which the process serves to 
run up investments through the keeping of large quantities of 
stock under treatment, the investment being in material rather 
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lhari eviuipnient. Men^s clothing and tobacco goods stand at the 
l)ottoin of the list, and likewise enjo> a generous margin. 

The manufacturiLg margin, is the sum remaining from the 
$1,000 after paying for po^^er, labor, and the ii% return on 
capital. Spc^cial comment is unnecessary. It is not to be 
interpreted too literally as an indication of a profitable or 
unprofitable business, since theie are many qualif^ang conditions 
to be considered, as noted in a preceding paragraph. Detailed 
studies of operating (expenses are necessary, illustrations of which 
are given in C^hai)ter IV, before drawing conclusions as to the 
financial situation. What this analysis does show are th(‘. relative 
influeiic(\s of power, labor, and capital in the sclect(*d industries, 
and, in the first part, thc' influence of raw and procc^ss materials 
on the relative magnitud(‘s of (a*eat('d valiu' and total value of 
the i)roduct of an industrial enterprise. 

HOW TO USE THE TABLE VALUES 

Any oiu' (!onc(M'n('d with the organization of a new enterj)rise 
will find it profitable to check his estiinat(\s by these ndative 
figures} but this must be doni* with a full recognition of their 
character and origin. Th(\y are averages of a large' number of 
established plants. In seve'jal cases, such as for foundry and 
machine shop iH’odiicts, the ('ntry in the table' is an average fen- 
many eliffere'nt. varie'ties of products. Each individual plant 
has its envn peculiarities, and the one that is being planned new 
must be expected to vary fiom the average. Land value's, builel- 
ifig costs, anel other local fae*te)rs will enter into the estimateis and 
makd in v(5st merits larger or smaller. No set rule can be applied 
without an*ainple', applicatiem of good sense anel adequate knowl- 
edge of the special conditions. 

Preliminary work on an enteriirise is eiarrieel on with regarel to 
the extent of t he expected business. One must have a definite idea 
of how large a scale he will operate on. "I'his will be expressed 
in terms of the output in quantity and value if the market 
has been studied, provided the article has limited sale possi- 
bilities. This phase of the question is the leading topic of the 
next chapter. With value of goods produced fixed upon as the 
leading item, simple percentage calculations will give the added 
value, number of employeas, power requirements, and the 
approximate capital. In this it will be kept in mind that this 



ANALYi^fS 0^ PRODUCTION FACTOR!^ 


39 


figure for capital is taken as defined by the U. S. Census Bureau, 
including all visible property^ sijch as stocks^on hand and in 
process. Thj^t is, it includes oper^ing capital as well as initial 
investments, part of which may be^expected to be accumulated 
gradually through the application of earnings to the building up 
of the plant. AJlowanccs for this wfll be made according to 
judgment. ^ • 

If the goods to be manufactured have sale possibilities that 
arc beyond expected producing capacity, then the size of the 
plant may be determined by the amount of available capital. 
After adding to the sum available a safe allowance for the addi- 
tions to plant tliat iiuiy be expectc'd to accrue as operation pro- 
ceeds for a few j^c^ars, on the basis suggest (d in the last paragraph, 
the sum corresponding to capital as used in the table is secured. 
This is then divided by the capital reference figure to convert 
to added value, and the other facto7*s calculated as before. 

A similar calculation is made should the projected plant be 
based on the number of employees. While this is more unlikelj" 
t-o be the basis for estimating plant capacity, still it is a possible 
method of arriving at an (\stimate, and under some circumstances 
might be used. 

Exercises for Class Use 

1. A concern manufacturing trunks, suitcases, bags, and a line of mis- 
cellaneous leather goods does an average annual business of S200,000 in 
gross value of product. Avssiiming present prices to be 130% higher than in 
1910, reduce to the corresponding value, and find each of the other (]uan titles 
included in the table. 

2. A wholesale dry goods firm decides to start making men's overalls. Ar* 
estimate shows tliat about SO women workers would be nvailabje in 
the town. Five men would also be employed. Find from the table the 
capital, power, and value of goods produced. Convert valut^of ^iroduct and 
wages to present standards on assumption that finished goods arc 130% and 
wages 40% higher than in '1910. 

3. An agricultural iinjilement firm decides to establish a branch plant in a 
western town, investing therein $300,000. The comjiany is able to provide 
working material on terms such that cajiital, as used in the fable, may be 
taken at the full amount. I'hat is, by reason of its standing and prestige 
this company can do as much with $300,000 as an indejiendent concern 
could have done in 1910. Solve for number of employees, power demand, 
and value of product, converting the last item to present value on the basis 
of an advance of 45 % in prices. 

4. Refer again to the data in Exercise 1. Use the values there found for 
capital, number of employees, and horsejlbwer, but add 20 to capital to 
allow for difference in cost of plant, in excess of costs in 1910. 
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Assuiftic the following list of capital Items: 

Land and bufidings. , . $30,000 

Equipment. ^ * 45,000 

Material in stock and process 20,000 

Finished goods on hand 20,000 


Balance in cash and misceVaneoiis jiroperty. 

' • j 

Work out a alaternent of operating costs on the followinj^ jilan: 

Annual gross income from sales, $500,000. 

Materials, 40 % above amount from table. (This covers supidies, rejilace- 
ments of small tools, and miscellaneous.) 

Labor — wages on basis of 2 men at $175 per mqnth; 0 at 00 cts. per hr.; 
10 at 30 cts.; S at 25 cts.; balance at 40 cts.; for average of 2,400 hr. per yr. 
Power at $35 per liorsepower per year. • 

Hepairs and maintenance, 2% of value of ecpiijimc'nt. 

Insurance, 1 on firoperty items above*. 

Taxes, 2 S' on two-thirds of same property ite'ins. 

Depreciation, 2% buildings; 5% e(pii])meiit . 

Find the balance available for return on mv(‘stment, and work out a new 
set of table values rcjiresenting present conditions. 



('ll AFTER III 

• f 

PRELIMINARY DESIGN 

The successful enterprise, as it is plaiiriod and established 
under present-day condit ions, does not become so by accident. 
Every step in the process of design must be taken with care and 
with consideration tjf the relative importances of the several 
conditions ^^;hich will bear upon it. Design musi be interpreted 
always as being the process of determining the charactcT of the 
product. Designing a plant includes, therefore, all of the deci- 
sions that ai e made respecting class and type of artickMo be manu- 
factured; the* marketing territory with its uchhIs, pundiasing 
p()W('r, buying habits, and avenues for dislri1)ution; the type of 
sales syst(un to be employed; th(' location of the producing plant; 
meeting of cOTnp(‘tit()rs; adjust namt of transportation questions 
with the carriers; purchasing or development of materials; general 
power system to be employed; types and abilities of available 
labor; and all other matters which may influence the character of 
the plant that is to be built. The later d(»sign of the physical 
plant consists in the fixing of the mc*ans for carrying out the 
major jdan that is evolved by the preliminary studies. 

The market is the first consideration, now being considered in 
its g(*n(*ral aspects without special thought as to location of th^ 
jdant. 'flu^ motive prompting the determination to (uigage in 
the busiiK'ss may be any one of a score of influences, byt if a man 
has decidinl to (uiter upon the manufacture of a c:f)mmodity, he 
must be sure' of disposing of his product. The first thing to do is 
to decid(‘ what market h(* will cater to. The second is how to 
( l(‘V(doj) i t . The third is to st udy t he r('fl(»x (dfect which the market 
will have upon the (character of the commodity itself, upon the 
size and location of his plant, and the form of his organization. 

SELECTION OF A MARKET 

For some kinds of product, the kind of market is perfectly 
obvious. One produces locomotives for railroails; automo- 
biles for highway traffic; dyes for the textile industries; beet 
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sugar “for donicijtic consumption. Whercve^’ there are people 
and traffic needs, and demands for clothing and food, there is 
hound to be a market. Articles that are standardized, such as 
Portland cement, refined silgar, paving brick, and news paper, 
are d(4ermined in advarpjc^as to character and will suit any 
market that observes tlu* standard. Other flrojflucts are in a 
continual stage of development and perfection, but under the 
control of the manufacturer. Locomotives, automobiles, cash 
rc'gisters, and shoes — for all of these the market looks to the 
producer to sc^t the standards and bring out the new models, 
after which it will buy ac^cording to its judgment of quality 
and fairness in prices The plant designer looks to the inside for 
the distinguishing traits that will fix the mod(*l and so settle 
(piestions as to kind. Wherever the goods are to be sold, the 
type is fix(^d. 

For other commodities this is not so. Agricultural implements 
destined for N(‘w ‘x^ngland differ from those going to Dakota; 
those destined for ]\I('xico, from those* going to Australia. Cotton 
cloth for the China trade differs from that to be sold among the 
southern negroes. Mining machin(*ry going into the mountain 
regions of South America must b(^ built for jirimitive* means of 
vransportation. Derby hats could not bi^ expecte'd t-o capture 
the trade of Panama or India, noi* silk hosiery that of Labrador. 
Tliese are examples of extremes. In a finer s(*nse the same prin- 
ciple applies in a multitude of ways. Custom, habits, styl(\s 
distinguish and d(*finc the prime characteristics of many com- 
modities. Advances in the arts, such as the use of aluminum 

I 

alloys in automobile construction, give rise to extensive enter- 
prises turning out new products. For this general group of 
industries,* thr market question must be settled definitely before 
the plant designer can even start on his task. He must know 
what to manufacture before proceeding to determine how. 

Still another group calls for a different analysis of the possi- 
bilities of any given region. A new article has been devised. 
Where will it find its best demand? A new brand of steel for 
cutting tools would look to machining centers. A new tractor, 
like the Fordson, may take well in certain agricultural regions 
where the farmers are prosperous and progressive. Steel office 
furniture sells well in rapidly growing cities where insurance 
regulations and building ordinances are becoming stricter. The 
same is true of the zinc and asbestos roofing materials. A new 
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fertilizer will find its market where soil conditions are suoh as to 
respond to its use.* For all such^it is a mattcr*of deciding where 
the article is, adapted to the neejjl^ of the people or where the 
people have the characteristics and^neans which make possible a 
campaign for popularizing a thinj^ of convenience, beauty, or 
economic usefulness. • • 

Decisions irf this line arc mad(^ naturally at the original incep- 
tion of the enterprise, >)y those who are projecting the i(l('a. The 
initial plan is subject to revision and variation as work proceeds, 
under the impress of accumulating data and experience. Too 
great emphasis cannot be given to the importance of the studies 
made before the plant assunu's form. A correc.t relation to 
market is necessary to success. Concerns without number have 
failed because of inadequat-e marketing plans and facilities. This 
relation is not an engineering function in itsc'lf, and, like many of 
the elements of business, was very often given only a superficial 
consideration in past years, on the supi)osij.ion that the com- 
mercial insight of someone high up in th(^ councils of the company 
was sufficient. Many a business has Ikhui start'd with no better 
basis for a marketing plan than somebody ^s assumption, or guess. 
There is no reason why estimab^s may not be made, based on 
population studkis and records of consumption of the article in 
que^lion over a s(‘ri(^s of years. If th(^ article is new, then some 
estimate^ of possible sales in a typical community can be used. 
Systematically arranged data are always of assist, anc(‘, even if 
only as a gunle to a guess at. the end. 

Reports of the U. S. De^partment of C’ommerce arc now giving 
valuable information respecting the foreign demand for goodi?. 
More and more this country will turn to th(^ export trade. 
The saturation point in domestic consumption is bei«ig reached 
in many industri(\s. As attention veers to the foreign market, 
many phases of managerial control will be subject to change, 
and the careful analysis of marked needs and consuming power, as 
well as polici(‘s in credits and banking practices, will become 
increasingly irnportiint . These matters are mc'rely alluded to as 
bearing a definite relationship to the work of the enginecT, with no 
effort to amplify as to methods of procedure. 

DEVELOPMENT OF THE MARKET 

In increasing measure, cngineers«arc taking on the sales func- 
tion in enterprises handling various kinds of commodities. This 



44 


MANAGEMENT ENoA'^EEklNG 

t • * 

IS tnuv especially when the articles to be sold arc designed for 
application to structures or to t^clyiical enterprises, and so have a 
direct bearing on operation. ,*The correct use of ap article may 
be the means for building \i\i (^onfidenc(' and future trade. The 
result is that the selling force acts oftcui in an advisory capacity 
to the purchaser. A lit lie* thought mak(\s it clear that the manu- 
factured products coming within this category n/Sike up a long 
list. It is necessary to have an adequate understanding of 
marketing methods as a basis for th(' planning of any selling 
campaign. 

The W(*llington doctrine as to the minimum combined cost of 
production and transportation should be extended to include cost 
of selling. In many lines selling cost today is a heavy tax on t lu* 
consurrK^r. In placing th(‘ product of a factory on th(‘ market, 
this fact-should be given attention. Only by full study can the 
best program be determined upon. 

Trade in its earnest form, barter, involved diiect (contact of 
producer and consumer. The next step was the advent of the 
retail(‘r, who took the produce from one group and sold to tlu* 
other. The reader may amplify at will the forms which retailing 
developed while it still existed as the one intermediary bet-wcMm 
producer and consuriK'r. As produc(‘rs d(»veloped their activities 
and turned out goods in large quantities, no single retailer could 
take the entire output of a factory. Hence the producer was 
confronted with the burden of selling to many retailers as his 
small-scale pred('cessor sold to consumers, and in various liiu's 
it- was found economical for him to reduce the* number of his 
tiade connections in similar manner. This was done through 
the Aiedium of th(‘ wholesale merchant, who bought in largc'.r 
cpiantity and resold to retailers, combining a large* range' e)f 
commodities by buying from sevenal pre)duccrs, so that he could 
me)re nearly meet the lU'cels of his customers, the retaile*rs. 
Sometimes the wholesaler could take^ the entire product e)f t he 
manufacturer. Today we se'e many overall factemes, canning 
anel preserving plants, and various e)the'r e'nterprises turning their 
whole proeluct through one' whole'sale he)use, the' latter sometinie*s 
owning the manufacturing business. Sometimes this has not 
been practicable, however, anel so we have seen a third inter- 
mediary, the jobber, elevelop in business circles, his function 
being to handle the entire factory output more directly, selling 
to wholesale firms. When thus serving the manufacturer, the 
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jobber takes the selling function from the former’s shoulders, 
substituting his own selling orgajiization for tBc one which the 
manufacturer, would otherwise be ^compellccl to maintain. The 
justification for this procedure lies^in the fact that the jobber 
serves several mamifact.iir(‘rs at the same time, and so can cover 
the ground with^a single fowe selling fi large variety of articles, 
whereas, in hio abs(uice, each miinufaciurer would be covering 
th(' same' ground, selling his own smaller variety. 

Still another functionary has appean^l at times, styhid the 
^‘commission merchant,” but the distinction bet ween him and the 
joblxM- is soni(‘what indistinct, and it is not- necessary at this 
jun(*ture to follow out th(^ matter in detail. In the handling of 
manufactured articles (‘si)(‘cially, the selling cliairi of manufacturcu- 
1 ,o-jobb(‘r-to-wholesaler-to-r(^tailer-to-consum(u- is adequate', to 
r(‘pres(*nt the i)roc('Ss in its most, involved fc'rm. 

Th(*r(' is much loose talk about the wastefulness of middUunen. 
To b(‘ sure, all of these ste'ps in the marketing process are not 
n(‘C(*ssa7-y for all kinds of products, and so is it true, likewise, 
that for many lines of goods some are omitteal. But they perform 
a read function. Som(‘one must sell, and it is simply a question 
4 IS to who can do it most ('conomically. The margin oi:t which 
the* jobber and whol(‘sal('r oi)erate stands in the place of sales 
('xfx ns(‘ on the manufacturer’s account. As said before, by 
handling larg(‘ stocks coming from several producers, one selling 
organization can Ji'place tlu' several organizations that w^ould 
otherwise* b^' necessary, and therein lies economy. It is more 
satisfaedory for the* r(‘tail(*r, also, to t)t* able to order many 
diffen'nt portions of his stock from a single*, wholesale hous«. 
Hence* whole*sale- cemelemnation of middlemen is e)ut e)f place. 
The ce)nclusie)n of the* whe)le matte*r, when taken from Jlie present 
viewpoint of the* manufae'turer decieling upon a Celling plan, is 
that he must study the* situation as it e*xists with the same scien- 
tific care and accuracy that, he wenild e*xercise wdien elealing with 
proeluction problems, eliscareling set rule's when they are proveel 
unsuit e*el to his nee*ds, i.e)t fe'aring te) take steps elictateel by 
econom^^ 

But the'ie is much cutting across the e)lel selling chain today, 
even in many ste)e!k comme>dities, anel especially in manufactured 
goe)ds that are of sj^ecializeel character. The chain store is one 
of the most not, able fact.e)rs wherein a retailing organization is 
enabled to buy heavily, sonie*times taking entire factory output, 
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and distributing to its many branches. Large shoe manu- 
facturers with many branch f^ptorics arc able to multiply styles 
while keeping eaclj. branch on a mass production basis, each 
turning out a limited number of types, so that the central selling 
organization of a single company can fill orders including many 
styles and grades and so fjcrlorm the typical function of a whole- 
saler. Leath(^r tanning is passing largely into the stage where 
producing and selling are merged into the one organization, 
although for some varieties of leather the jobbing interests are 
still active. Paper mills sell direct to many large publishing 
houses. Producers of such commodities as cement, paper boxes, 
dairy products, starch, electrical supplies, brick and tile sell 
direct to large custoiiK'rs, to retailers, and sometimes also to 
wholesale firms or jo})bers. 

In markc'ting the more specialized products a still more varied 
practice prevails. Many pass direct from manufacturer to 
consumer, sold either from a maintained stock of standard design 
or on special order. If the former, the selling may be done by 
(1) a traveling representative; (2) through the mails; (3) through 
selling agents operating from marketing centers where stocks 
may bp kej)t, or not, according to character of the articles, the 
agents being employees of the producer; (4) through independent 
agents who acquire the right to handle the articles in a given 
territory and in whose name sales contracts may be written, and 
who may have similar agencies with other producers of related 
goods, thus giving them a line of articles to meet the needs of the 
trade. Various combinations of these methods arc employed, 
whereby portions of the plant output may be disposed of in one 
way snd other portions in another. When the article is one that 
has especial, fitness for certain kinds of service, as is the case with 
electrical powftr equipment, there is occasion for trained repre- 
sentatives of the manufacturer to take part in negotiations, 
even if independent agents have to do with the making of the 
contract. In starting the production of new machinery lines 
it is often of advantage to arrange in advance with well-established 
sales firms for the handling of the output, as a means for intro- 
ducing them on the market in several sections simultaneously. 

Keeping in mind the selling methods thus hastily sketched, 
the prospective manufacturer must go over the situation with 
the purpose of deciding upon^ plan adapted to his enterprise. 
If the home market alone is in view, he will select the territory 
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seemingly most favorable and proceed to the forming of th^ trade 
connections that will serve his f)urpose. This means choosing 
centers from Vrhich to work the territory, ai^anging with agents, 
laying out his own organization foi*handling the sales work, and 
studying any and all phases of the J-rade demands. He must 
know the goods^of competmg concerns already in the field and 
study the methods in their hanflling. He and his ag(uits must 
go carefully through the territory to make detailed estimates 
of the purchasing power of prospective customers, and of the 
portion of the trade which he may expect to control. If his 
article is an entirely.new one, so that he will have no competitors, 
then the problem is the extent to which he may hope to induce 
purchases by those for whose needs his goods are adapted. The 
extent of first-season sales must be estimated, on the supposition 
that the regions will have to be worked over several times before 
they are really developed and the business placed on a normal 
basis. The magnitude of the task is in inverse proportion to 
the (experience of the man who is doing the estimating. Opti- 
mism in a sane degr(*e is lu'cessary, along with confidence in one^s 
ability to carry through what, is usuall}'^ a difficult undertaking 
requiring i)atience and a good supply of capital; but an Unjusti- 
fiable optimism must be guard(‘d against. 

The object of all this is to fix upon a reasonable producing 
capacity for the i)roposcd plant. The market analysis should 
furnish a basis for deciding how much to plan for, and whether 
the initial capacity should be made small — with plans for enlarg- 
ing as the business develops, or whether full capacity should 
be provided at the start. The amount of available capital w*ll 
influence the decisions at this point. The basis on which tfensity 
of trade may be estimated will vary with differynt^enterprises, 
as the following illustrations serve to indicate. 

Assume an enterprise in process of planning for the manufac- 
t,ure of a line of tools used in garages — not the finer grades of 
lathes or other machine tools, but ratluu- the less finished forms, 
including jacks and miscellaneous small tools of the rougher 
sort. The customers will be the garages and certain individual 
car owners who are mechanically inclined and desirous of main- 
taining their own machines. The extent of the prospective 
market will have a relationship to the number of auto vehicles 
in the territory under consideration. Data as to the rate of 
increase in number of cars and, specifically, as to the number of 
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existing; garages and the ratio of that number to the cars owned 
in the territory, will be requli*ed in order to estimate future 
demand for equipfnent. "Hte extent of automobile tourist 
travel through the region will also be a factor, together with a 
study of tendencies in t^e ^lirection of highway improvement, 
opening up of new pleasure resorts, and shifting of routes of 
travc'l. In this line of i)roductfi it is necessaiy to consider care?- 
fully the strength of competitors in the fie'ld. ( k)nservatism in 
estimating tlie extent of sales should be exercise^d. 

Representing a veiy dilferent. pi-oduct, take the cem(*iit busi- 
ness as an examples The figures for 1914 . are iisenl. In that 
year the av(‘rage pcT cai)ita consumption in lh(‘ contiiu'ntal 
United Statens was 0.S4 bbl. Among tlu^ states, liowc'ver, the 
amount used varied from 1.70 l)bl. in (California to 0.11 bbl. in 
]\Tississipi)i and South Carolina. IMontana and Iowa follow 
closely on California with 1.08 and 1.01 bbl. respc'ctively. Such 
figures j)i*esent two intert'sting facts for the man considc'ring a 
market for cement. Without question, th(‘ moie active states 
present the b(‘tter fi(4d for sales. C -oust ruction work has gotten 
well und(*r way and the people are g(*tting accpiainti^d with con- 
crete sfructun^s. Such districts will go forward raj)idly. On tlu' 
other hand, the backward states constitutt^ a rich fiidd foi tho more 
distant future, when activities calling for ci‘m('nt shall have 
gotten under way. Th(‘ first significant- i)oint to 7‘i‘gist(ir is, 
therefore, to look out for shipj)ing facilities in two directions — 
one toward activ(‘ r(»gions, where the b(‘tt(U' immediate* market 
will be found, and the other toward regions that may ultimately 
be depended upon when competition in the* first t(‘rritory beconu's 
keencT. 

More specifically, a manufactun*r shipping out of the* Kansas 
(City district w’ould have immediate acc(*ss to tlu* states of Mis- 
souri, Kansas, and f)ortions of Iowa and Nebi aska, in all of which 
the 1914 rat.(‘, was 0.81 or over, and also to Oklahoma, Texas, 
New Mexico, and Arkansas as reserve marki'ts, wh(*r(* tin* rat(*s 
were 0 . 25 , 0 . 43 , 0 . 08 , and 0.24 respectively. A plant in the St. 
Louis district could sell in the rich mark(*ts of Illinois, Iowa, and 
Missouri, and also enjoy especially good shipping facilities to 
Kentucky, Tennessee, and Mississippi, w^here the consumption 
rates were 0 . 37 , 0 . 36 , and 0 . 11 . 

For materials like cement, Structural steel, and many others, 
the probable future demand may be estimated in accordance with 
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public works programs. The author has made a rough approxi- 
mation of the cement that will|be used in Kinsas during the 
10 years beginning with 1921, for^Jhe road^ bridges, and public 
buildings alone, in which the stat^ will have a direct interest. 
It amounts to nearly 0.9 bbl. per capita per year. That used 
in iniinicii)al stri^;tur(»s and hy individuals will swell the amount, 
probably to i.25 bbl.— a substantial increase over 0.81, the 
figure for 1914. From such estimates, and with knowledge of 
the i)rodu(*ing capacities of plants already s(‘rving any district, 
one may draw eonedusions as to the wisdom of establishing a 
lU'W plant as nispeets mark(‘ting possibilities. 

( )th('r commodities vary in some din^ct relation to the popula- 
tion, in which group come the princij)al food products, boots and 
sho(*s, ordinary t('xl,il(‘s, i)af)er and })ai)er goods, and many lines 
of clothing. Th(' per cai)ita consumption for all these articles 
is lik(4y to vary, so that data showing the rate of change must be 
available* to make* it i)ossibl(* to e\stimat-(* with accuracy the con- 
suming pe)we*r of any cemmmnity for the future. Such informa- 
tion is given in the* accompanying chart for certain representative 
ce)mme)ditie*s. The figures there used are proeluction rather than 
consumption values, the amount of the^ goods exported not 
be*ing allowe'el for. When use*el on a se;ale for ])urposes of 
(*sti mating the* acldeul producing capacity that the country may 
support, it is not out. of place to use these production figures, 
sine*e it may be assumeel that sales in foreign territories will 
aelvanete; in apj)re)ximately the* same ratio as in domestic. In 
matters like this, howcve*r, the*re is occasion for exercising gooel 
judgment in making estimates. 

liCt it be said, howeve*r, that right here is the point where 
piomoters anel organizers must stop anel study with •are if they 
are to be safe* leaders in industry. On the thoroughness of the 
invest igatie)!! of these* (conditions r(*sts the chance for success, 
or at least the chance* to avoid costly experiments in production. 

FINAL STEPS : LOCATION PROBLEMS 

If the matters of market and character of product are satis- 
factorily adjusted, there remain various physical factors to be 
investigated before* the characteristic design can be completed 
and the general le)cation decided u^on. The important ones are 
materials, as to cjuality and supply, process materials, such as 
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Boots and shoes, pairs . 286,592,960 2.710 252,516,603 . 2.480 i 

Paper, tons | 3,286,140 0.031, 2,600,400 , 0.025 2,160,830 0.0241 
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fuel and water, and transportation facilities. They must be 
considered together,' always wit|^ tie problem of location in mind. 
Certain general principles have ali;i^ady been mentioned, in the 
opening chapter. • 

Distinctions must be clearly dra\yn as to the relative impor- 
tance of constituent and process materials. To do this a knowl- 
edge of the manufacturing process is necessary, or at least an 
intimate understanding of the characteristic's dc^veloped in 
Chapter 11. 

In general, industrios with a low ratio of added value to value 
of fu oduct are conditioned by the sources of the constituent mate- 
rials, although there are exceptions. Materials of low value 
per unit of Ateight cannot be transported long distances. The 
railroad rate fixing boards recognize this when setting low 
commodity raters, but even with this help there is a limit beyond 
w^hich certain low-value commodities cannot be moved. At the 
other end of the scale the high added value mit^imizes the signifi- 
cance of transporting materials. With the latter, howTver, fuel 
demands where heat treatment is involved in the process, unusual 
power demands, or quality of water used in process may be con- 
ti oiling factors, singly or in combination. 

It has been stated that some industries follow the market.. 
This is because their raw materials may be shipped on low 
commodity rates, whereas the product is bulky or perishable and 
takes a high rate. In general, these are cases wdiere added value 
is large. Material here is moving tow^ard the ultimate consumer 
at all times, which is a natural condition. More industries w^ould 
coir.e in this class were it not for certain artificial or personality* 
conditions which make it impossible to realize a truly scientific 
industrial system. These influences are mainly the characteristic 
tendency of labor to segregate wdiere accident or habit has placed 
it in the past, and the artificially adjusted freight rates, which 
prevent cost of service from entering more logically into the 
charge. This explains why wool is shipped from the Rocky 
Mountain states to Philadelphia and New England and woolen 
goods shipped back. Australian wool coming into Atlantic ports 
is on its way to market, however, and so follow^s the natural law. 

The principle of fabrication in transit is an important one in the 
location of industries. The plant must be so located that finished 
goods may reach consumers at the lowest average cost, in which 
these items appear, namely, — 
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1. ('ost of fabrication, including materials but not freight on 
same. 

2. Freight on materials tcut-he plant. 

3. Freight on finished gocvls to consumer, average. 

In many eases the cost of fabrication will becthe sanu' in each 
of several tentative locations, but there may b(‘ circumstan(;es 
which will cause differentials. Costs of real estate and of labor 
are the items most likely to bring this about. In some high- 
[)(.)wer industri(.*s the rates on electric pow(*r may be a third 
influence. Whatever the situation, Ihe facts must ])e deter- 
mined by accurate (‘stimates. 

The second and third items may b(' lump(‘d into a singles 
calculation. Suppose that for every 100 lb. of finislu'd product, 
boxed or crated for shipuK^nt, there an^ recpiinnl 11). of raw 
material that will b(‘ brought to the jdant on a low classification 
commodity rate, other materials being ])i ()cured locally on approxi- 
mately ecpial terms foi- all locations. For baitative locations, 
^4, B, and C, l(*t. the fnaght charge on this material be repn*- 
sented by A", and Z, resi)(‘ctiv(*ly. If the product be of a typ(» 
su(;h that the n)arket demand will have ndation to population, 
the analysis may b(‘ complected b}^ taking a consideTable section 
of the countiy with, say 30 millions of peopk', blocking it into 
relatively small s(*ctions with representative eaties as centers, 
and listing Uu) freight charge from each of tbe^ tentative plant 
sites to each of these cent.(‘rs. For location A , add X t.o (‘ach of 
these freight raters, for location /i, add F, and for location 
add Z. This will give the transportation cost on each 100 lb. 
of goods shipped to each marketing c.entca*. 

Supposv , now, that 100 lb. of goods are shipped to each center. 
If we multiply the population at each center by the* transporta- 
tion cost determined as above, sum up all the jn odiicts for location 
A, and then divide by the total population, we get a transpor- 
tation reference factor. The same process repeated for locations 
B and C will give reference factors pei taining to them. The one 
having the lowest reference factor will be the on(‘ most favorably 
situated from the standpoint of transportation. In making this 
calculation it is necessary to make the population divisions small 
in the region close to the tentative plant location, since freight 
rate differences arc larger for short hauls; but for more distant 
regions large units may be used, even to the extent of taking 
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entire states with their dominating cities as the points for rate 
determinations. 

Similar analyses may be made fo^Jiypes of industries in which 
the market is not proportional to population, by taking quantity 
estimates of sales in prospect at varjous points, as indicated in 
previous sections *of this chapter, and using direct quantities 
with freight rates in the multiplication, dividing the total by the 
amount of goods shipped to secure the reference factor. In 
such work, whether using population or quantity of shipments, 
calculations are simjdified by dropping several digits, either to 
hundreds or thousands, and so obtaining smaller numbers, which 
are more readily handled and sufficiently accurate for estimating 
purposes. Tke results are purely relative in every case. 

The following illustrations serve to make clear the methods 
outlined above. 

1. A concern formed to manufacture plain furniture for the 
market, west of thcMississipj)! River, except the extreme northern 
and Pacific Coast states, is considering locations in Omaha, 
Kansas City, and Oklahoma City. Fabrication costs are equal 
for tlu' first two, but are 5% greater in Oklahoma City, due to the 
labor situation. Lumber supply — oak from the North and Ken- 
tucky -Tennessee*, region; pine from the South. All freight rates 
are assumed, for illustrative purposes only. (Table next page.) 

Tti(i comparison is favorable to Kansas C'ity by a considerable 
margin, as could hav(* been foretold from general considerations. 
It. is situated midway as regards shipments of lumber for raw 
material, where pine is assumed to be used in large proportion, 
and it is the natural center of distribution for the southwestern 
region. Itad the Gulf states been omitted and the northern tier 
of stat es included, Omaha would have shown to better^adVantage. 
In an exact analysis the relative accessibility of Omaha to lumber 
from the Northwest would be considered. 

2. Through the courtesy of the St. Louis Chamber of Com- 
merce, the analysis on page 55 is made available as an illustration. 
1* is based on actual freight rates for distribution from the cities 
indicated, assuming that the raw materials arc obtainable on 
equal terms at each manufacturing point. It is applied to a 
region with a total population of about forty millions. It 
repres( nts the drug manufacturing business, the product being 
one whose market demand runs in. proportion to the white 
population, but not to the colored. Accordingly, the figures 
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Jj'llEIGHT ON MATJiUIAL, MoBTLY LuMBJ5u/oN A UnIT OF pBODUf’T 

To Omaha! . . ; . ... .2/) cts. 

To Kansas Cit^. . . 20 cts. 

"J'o Oklatioma City * . .. .25 cts. 

II 

Analysis foii REFERENrK Factors, Total Transportation 


Basis of a I^nit Shijinicnt to Point Indiclited. Populr-tion Figure Used for 
Kacli Ccjitcr Rcp?icscnts a Trade District 




Omu 

ilia j 

KiiiiHiis City 

Oklah 011111 City 


Populll- 


1 






Sort ion rout or 

tion 

1 







lO.dOO’s 

Rate I 


Rate 


Rale 




1 

net 


net 


uel 

St. Loiiift. . 

<K) 

70 : 

o.aoo 

.'■,0 

4 , r>oo 

100 

9,000 

Diivoiiport, Iow:i 

au 

00 

1 , 800 

00 

1 ,*800 

no 

3 , 3(M) 

Dos Moiiios, Iowa 

(iO 

a.'> 

2. 100 

40 

2,400 

100 

0 , 000 

Sioux City, Iowa 

ao 

a.'. 

1 .o:,o, 

70 

2,100 

100 

3 , 000 

Iviiiisus laly . 

no 

4.'. 

2,700 

0 

0 

00 

.a . 000 

Cliillicotho, Mo 

JO 

70 

1.400 

ao 

t>00 

9.5 

1 ,900 

SpniiKln-'lti. Mo 

20 

70 

1 . 100 

.ao 

000 

00 

1 , 200 

Little lioek, Ark 

40 

ia.‘. 

100 

9.") 

•a , soo 

40 

1.000 

Fort Smith, Ark 

2»’i 

lao 

a, 2 .') 0 , 

!10 

2 . 250 

3.5 

875 

Shreveport, La 

1.‘* 

140 ; 

2. 100 

90 

1 , ar>o 

40 

0(K) 

Jk'itoii ilougo, La 

to 

l.“)0 

0,000 

100 

1,000 

00 

2. 401. 

Houston, Tox 

ao 

MO 

7,000 

100 

.5 , 000 

45 

2 , 2.50 

Dallas, Tox 

.'lO 

i.ao 

r> , r,()o 

90 

1 . .500 

35 

1 , 7.50 

lOI ]*afto, Tex. 

20 

MO ' 

2,800 

i 2 r, 

2 , .500 

75 

1 , .500 

Oklahoma City 

ao 

80 

2,400 

r»r, 

1 . 0.50 

0 

0 

Tulsa, Oklu 

20 

7.') 

1 . r,oo 

.ao 

1 ,000 

35 

700 

McAlester, Okhi 

!.'» 

80 

1 . 200 

.ar, 

82.5 

40 

000 

Wichita, Kan 

ao 

70 

2. 100 

00 

1 , 500 

35 

1 . 0.50 

Salma, Kan . 

ao 

(iO 

1 . soo 

.ao 

I ,.500 

(i5 

1 , 9.50 

Leaven wrorth, Kan 

20 

I.**) • 

900 

ao 

000 

70 

1,400 

Garden City, Kan 

20 

0.") 

1 ,900 

O.'i 

1 ,300 

75 

1 , .5(H) 

Oinuha 

r»o 

0 

0 

40 

; 2,400 

80 

4 , 800 

Liiieoln, Nol) 

20 

a.') : 

7(K) 

4 . a 

900 

80 

1 , 000 

North Platte, Noh 

20 i 

or, j 

1 , a(X) 

9.1 

, 1,900 

130 

i 2 , 0(K) 

Pierre, S. D . 

TiO 

40 1 

2,0()o’ 

7.", 

1 a. 7.50 

: 1 1 5 

j 5,7.50 

Caster, Wyo 

r»0 ; 

JO.’i ’ 

.J , 2rio, 

110 

[ .5,. 500, 

, 1 20 

, 0 . 000 

Salt Lake City, Ktah 

r>o 

J20 , 

f,.2.'')0| 

12.'-, 

<> , 2.50 

; 140 

1 7,000 

Denver, Colo. 

00 1 

100 1 

o,oool 

100 

o,oooj 

1 25 

i 7 , .5(M) 

Albuquerque, New Mox 

ao j 

lao i 

a,9oo' 

120 

> 3,000 

1 140 

4 , 200 

Phoenix, Ariz 

20 ' 

ir»o ; 

3,000 

110 

1 2.800 

j 1.50 

3,000 

1 

Totals 1 

1 , 07.) i 

100,000. 


: 70. 87.5 

i 

88,025 


10,7.)0,000! 




1 ! 

1 


Reference factors ... ^ 

J 

i 


83 7 ! 


1 71 .5 


82 5 

for centers in the far South are divided by two. As in the first 
illustration, the territory selected tends to emphasize the South- 
west, resulting in favor of St. Louis. Had the large cities in 
Wisconsin, Minnesota, and Michigan been included, the balance 
would have gone to Chicago. 
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1 
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Four plucoh of figures are omitted from each product in the table. 

The term ^‘fabrication in transit,” as used in the foregoing 
discussion, is not to be confused with the arrangement termed 
“milling in transit,” as employed in the flour milling business. 
By a special arrangement with the railroads a car of wheat may 
be stopped at a designated point, aiTd the wheat converted into 
flour and other wheat products, reloaded on the car, and con- 
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tinu<5d on its Ayay to market under the regular through freight 
rate that would have applied 'nad the wheat gone on undisturbed 
to the same destination. IThis is an entirely special provision, 
aimed at the building up o~ a <lecentralized milling industry. 

, ' 

*' t 

Special Exercise for Solution 

f 

A marketing system is tiO be laid out for a manufacturing ])lant to be 
located at X. The product may be taken as any one of those named in the 
list below. The plant is to employ about 300 persons, and is modern in 
every respect. 

Product: a. Paper boxes and cartons, including standing boxes for 
candy, shoes, and the C!hristmas trade; nested ice cream cartons; flat boxes 
and cartons for but ter packages, suits, milliners’ goods, etc.® 

h. Furniture of the kinds indicated in the first of the illustrations on 
distribution factors above. 

c. Farm tractors. 

d. Cotton and leather-faced working gloves. 

€. Trunks and mi:.cellaneous leather goods. 

f. Special hardware, including simple tools, such as wrenches, pliers, 
ammers, cold chisels, punches, nail sets, etc. 

Assume the duties of a sales manager and lay out a plan from the begin- 
ning, deciding as to relations with jobbers and retailers, and special agents. 
Consider such questions as the use of demonstration and (‘xhibit rooms at 
selling centers, \ise of the mails, and promotion of activiticjs which would 
stimulate business in the trade territory. 

Lay out a marketing territory in sketch maj) form to include some district 
that is familiar to you. Indicate the important centers Jind the shipjwng 
routes. Estimate the business at each center, basing this on your knowledge 
of conditions in the sections where you arc acquainted. Write up the jdan 
i in report form ready to submit to the company officials. 
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FUNCTIONAL DESIGN (JF THE ENTERPRISE 

In the carrying out of the scheme of pi-oduction wo have seen 
l.hat there are perfo«n(5(l the functions of design, operalion, 
eqiii'/mient, comparison, viaterial, sales, and control. The first, has 
been considered in its general features of fixing the type, gi’adt', 
and adaptability of product to the needs of the mark(‘t. Th(! 
physical appliances and working personnel lor realizing these; 
st andards wilt be provided in the plant and organization, as items 
in operation and eepiipmeiit. It is the aim of this chapter to deal 
with the general plan for the* operation and eemipment binctions, 
in accordance with which the physical plant nnist be established. 
In other words, we are* t o discuss the proeress of manufacture. 

Most of the existing treatises on indu.strial engineering and 
management deal almost exclusively with mc'tal working plants. 
'Phis is natural, as such plants offer (‘specially marked opportu- • 
nities for the developuK'nt of bet, torment proc(‘sses. In them tlu; 
individual workman exercises a dominating influence upon the 
character and quantity of product. Skill in handicraft there 
counts for a great, deal, and the training of the worker is an 
important matt(’r. The flow of material through the plant is 
conditioned by t he human factor, in large measure, while in many* 
other types of ('nterprises it is fixed absolutely by the rigid I3,ws 
of (;quipment. Rut for a full understanding of indusj;rii?l demand 
a more general treatment of manufacturing proces.scs, covering 
a wider raiige of the major activities in the commercial system of 
the pre,sent day, is desirable. In all of these activities the need 
for the services of the technical expert is being felt as the demand 
f;)r economic production im;reascs. 

Carrying out the functional design involves two steps: first, 
making the geiu'ral analysis of operating conditions to show the 
main factors of capital investment, amount of raw material, 
number of employees, and power demands with the money values 
represented by each, and so estimating the income and expendi- 
tures for ahypothetical establishment; second, making the detailed 
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analysis of plaijit equipment required to carry on the proposed 
enterprise. Several typical indurtries will be given consideration 
on an illustrative basis. Tlhe data given will not be complete 
and will not serve to rcplac«l experience, but will suggest methods 
to be followed in the general design. 

THE METAL w'ORKING INDUSTRY 

This group of activities, about which so much has been written, 
will be treated first. The principles involved apply to many 
industries commonly separated in th(^ census n^ports, such as 
“foundry and machine shoj> products,’' “eh'ctrical machinery," 
“locomotives," “agricultural implements," “cutlerV and tools,’' 
“automobiles," “sewing machines," “stoves and furnaces," 
“typewriters,'’ and “cash registers and calculating machines." 
Consid(T<‘d in total, th(* group repr(».sents a larg(‘ jxn tion of the 
organized manuff^‘turing enter])rises. In it ai*(‘ met the most 
complex problems of tin* plant d(‘sign(T, Ix'cause the human 
element figures more prominently than in most of the others, 
and the material is subjected to a series of manipulative processes 
which make necessary the utmost care in routing, close studies of 
, machining methods, and a maximum of orderly re(*ording of cost 
elements to insure accuracy in financial control. Tt also presents 
the greatest opportunities for the develoj)ment of standardized 
practice in quantity production. It is the distinctive synthetical 
industry. 

Proceeding with the general analysis of operating conditions, 
Vhe averages of the production factors giv(ui in the table in 
Chapter II for the ten industries just list-cul are as follows: 


Emp^oytes per $1,000 added value 0.S3S 

Wages for the same $ 560.70 

Capital for the same . $1 ,0411 00 

Power requirements for the same, }ior.s(*f)o\v(*r 1 116 

Ratio — added value to value . . . 0 6.3 

Value of products = 1,000 ^ .630 = $1,5S6 


Reducing to the basis of one emj)loy(‘e, these figures become — 
wages $675; capital $2,315; power 1.33 hp.; cost of materials 
$700; and value of product $1,890. 

It is important to find the weight of product, in approximate' 
t(?rms, as an index of the amount of work handled. To do this, 
the value per pound must be estimated, understanding that 
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these data are on the basis of pre-war condition^ For th<? wide 
variety of articles included in^ttfese ten groups the value per 
pound varies greatly, from about 8 €4s. for thfl simpler machinery 
1,0 50 cts. and even more for the mor^ complex, and especially for 
the high-class patented articles, like tiasU registers and calculating 
machines. Allovfing for the* much greater tonnage of the lower 
class commodities, a value of 12^2 cts. per pound will be used, 
which gives 15,120 lb. as the weight of product per employee 
p(‘r year. Such a figure must be used with caution, however, 
will full allowance for variations when dc^aling with the several 
special classes of rneW produces. 

The weight of raw materials employed will be from 10 to 20% 
greater thaii*the product. Some of the process materials arc not 
present in the finished article, and loss occurs in the machining 
prociessos. 

Th(' next, step is to proceed with adjustments to present price 
and wage conditions. It may be taken for# granted that the 
weight of material handl(»d and power recpiircments, per employee, 
will not vary materially. Wages, cost- of material, value of 
product, and requirc'd cai)ital invest imuit will vary notably with 
economic conditions. As a check on these items, the follbwing 
calculations from t,h(‘ advance publications of the IT. S. Census# 
for 1919 will be of value, Init it is to be borne in mind that condi- 
tions in that- year were at the luught of the extreme fluctuations 
that took place immediately following the World War. 

In the nd urns for the state of Massachusetts the average of 
the four products — automobiles, cutlery and tools, electrical 
machinery, and foundry and machine sho[) products — shows, as 
amounts per (unployee : 


Wjiges 

( -ost, of Tuiitcrials 
Value of products 


1 ,475 
4 , 12.5 


The machine tool industry for the entire country shows: 


\I'ag(‘s . . 

Cost of rnatorials 
Value of jiroducts 


$ 1,240 

1,112 

4,000 


In the manufacture of engines of all kinds the figures an*: 


Wages 

('lost of materials . . 
Value of products 


$ 1,345 

2,820 

5,980 
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In t-the building of locomotives, in the establishments other 
than railroads: 

Wages ^ • SI, 450 

Cost of materials . « . - 2 , 550 

Value of products ... 5,850 

Agricultural implements manufactured in Olijo give: 

Wages. . . . Sl,150 

Cost of materials . 2,550 

Value of products . . 5,380 

The amount of capital appears to run approximately with the 
cost of materials — namely, from $2 to $4 per dollar of material. 
It may be noted that for the above summary based on the 1910 
Census tbe capital figure is $3.30 per dollar of nlaterials cost. 

Somewhere between the two extremes will lie the figures appli- 
cable to the current period, 1922 to 1924. Since 1920 the drop 
in iron and steed has been markedly more than th(^ reduction in 
wages, so that the^relatively high cost; of materials shown in the 
1919 figures, compared with wages, has been largely reduced, 
with corresponding effect on value of producA. This may not 
be true for the machine tool industry, where it would appear 
that conservatism in buying, with the using up of existing stoc.ks, 
,kept down the amount expended for material in 1919. The 
latest data exhibit a tendency toward the employment of power 
in greater proportion, the average demand standing at about 
2 hp. per employee in place of the 1.33 hp. obtained from the 
earlier reports. 

For application to the average establishment in this group, 
Vhe following set of values may be used, wherein the wage scale 
is set 20% below the 1919 figure, and materials one-third less. 
The work'bascd thereon is to be understood as being illustrative 
only, however. It is not necessary in the present juncture to 
assign a value of product. The weight of material may be taken 
as constant, at 7 )^ tons per year per employee. For such ref- 
erence purposes the following figures arc fairly representative: 


WagesV.. .. $1,015 

Salaries of officials and clerical force, 30 % of wages . . $ 305 

Materials, for 15,000 lb. of product $1,315 

Power, cai)acity of equipment, horsejwwcr 2 

Annual cost of jKJwer, independent plant, exclusive of 

labor, $28 per horsepower .... $ 56 

Capital, $3 per dollar of cost of materials $3,945 


1 Based on maximum number employed. Average eariiiiigB will be greater. 
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It is to be understood that in this chissification “materials” includes all 
supplies used in plant and offiee, inc^ding fuel used tor process purposes, 
in addition to true raw material consumed. . 

• •• • 

APPLICATION TO MACHINE yOOL MANUFACTURING 

In making application to any lii^e work, any known charac- 
teristics of tha* line shouKl be given consideration. Hence in 
this case figures will be used dilT«*ing materially from the average 
figures in the summary just givcui above. For these figures, 
t he author is indebted to several manufacturers of the Cincinnati 
district, but they do not apply to any individual company. 
It will be noted that they conform in most essential respects to 
the relationships developed from Census reports. 

\ plant V/ill l)e assumed equii)ped to employ 500 men in all 
producing d(‘part.rnents, including foundry, but exclusive of the 
office and sales staff, and which in a normal year will average 
about- 425 men actually at work. The product is a high-grade 
engine lathe which has a wide sale amo^ig first-class metal 
working plants in all parts of the country, and which is furnished 
in a large range of sizes both as to swing and length of b(‘d, and 
with a vari(‘ty of speed adjustments and power drive systems. 
The lattcu- conditions make necessary the carrying in Mock of 
many finished part s, ready for assembly in accordance with ordorfi, 
calling for considerable working capital. The plant is com- 
modious, w(41 lighted, and effectively organized and managed. 
The equipment is modern and includes a few machine tools of 
unusual size' t-o accommodate long lathe beds that are built 
occasionally for turning heavy naval guns and other long work. 
This means a heavier investment in plant than would be require*! 
for building a more closely standardized line of tools. • 

The total annual value of product, taken as t^e Actual cost, 
including general office expense but no profit, may be taken as 
81 cts. per pound. The output in a typical year amounts to 
$1,475,000. This means a finished product weight of 4,750,000 
lb., or 11,900 lb. per employee. 

The investment will vary wdth location as influenced by value 
of land, Imilding costs, etc., but may be taken as follows: 


Land $ 35,000 

Buildings, including railway sidings 237,000 

Equipineiii complete, including full complement of small tools, 
all materials handling ajipliances, office furnishings, and auto 
and truck transport. . . 742 , 000 

Total plant. . . . $1,014,000 
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Current <nvcntorios considered constant for steady operation: 


Raw material . . ! 


oc 

I 

Ill process and finisf'ed goods 


.™,oo() 

("ash on deposit *"■ 


25,000 

Total current. ^ 


. # 646,000 

Total investment 

A 

. S1,660,(M)0 


In later caleulations it is assumed that $500, ()()() of this invest- 
ment is represented by bonds. 

The operating aec^ount for an establishmc^nt of this size may 
b(» (Estimated in advance only in round figuri's. Th(' most diffi- 
cult to predict is the amount for mat(M*ial which is not consumed 
directly in the process, in which category come a inultitude of 
articles purchased for the general conduct of the business and 
upke(‘p of the plant. Uiidcu* the heading of '‘material” all 
articles purchased will be included, as in the Census enumeration, 
some of which might, properly be charged against maintenance'. 

Th(' t)asic estirna'ie is for the weight, of iron castings. This 
is done by using the formula commonly employc'd by mae'hine 
tool builders, whereby 


Weight of product 


Castings X 0.90 


where' Z is the [)ercentage of castings in the' finisheil machine 
and 0.90 is the' net weigfit of castings after machining, on tiu' 
basis e)f rememng 10^,*(, of metal. For high-graele* e'ligine' lathe's 
Z equals 0.98. Fe)r turret lathe's it is 0.95. Fe)r e)ther fejrms of 
tools it will vary somewhat, but ne)t far from thc'se' limits. 

'Solving for '‘castings^' in this formula, with Z = 0.98 anel a 
finisheel proehie't weight of 4,750,000. give's a we'ight e)f 4,900,000 
11)., or 2,4/tO Jons pe'r ye'ar. Fourielry mate'rials may then be 
calculated from this tonnage output. 

It is aelopteel as good practice to employ cast ste'e*l ge'ars in 
the change-gear transmission useel to elrive' the' lead screw. 
These castings will be* purchaseel. Machinc'ry st('e*l anel brass 
make up the' balaneu' of weight. It is uneleu-stooel that for cone'- 
head lath(\s the ove^rhe'ael jackshaft, with cone^ and drive pulleys 
and hangers, is included with the finished machine. Taking 
the weight of an J8-in. by 10-ft. lathe as 3,450 lb., and this as 
an average of the^ total built, the number of lathe's turneel out 
per year is 1,880. Hence for vmch pound of ste'el casting, brass, 
or other part other than cast iron employeel on a single lathe, 



FUNCTIONAL DESIGN OF THE ENTERPRISE 


63 


there will be required 0.69 tons of the ineti^l per yeaF. This 
affords a ready moans of estiiyatfnp the material to be purchased, 
adding 10% .as metal nunoved in. the machining process. 
Material cost may now be estinmted as follows: 

In the foundry, including new ])ig iron aiuPsteel sera]), special 

alloy metal, flux, sand, loam, core material, and miscollanoous $ 100,700 


Machinery steel, 100 X 0.09 X 1.10 $91 - . 11 ,520' 

Steel castings, 35 X 0.09 X 1.10 X $105 = 4,380' 

Hrass, 15 X 0.69 X 1.10 X $207 - . . 2,300' 

Fuel, coal and coke, 1,250 tons at $7.50 9,375 

Oil, lubricant and cutting fluid. . 2,500 

Small ))arts purchasedf including bolts, etc 2,500 

Lumber, for patterns, flasks, craling, and miscellaneous: 

5 M at $f50 $ 7.50 

10 M at 00 . 2,400 3,150 


]^•lint and finish material, for machines and for miscellaneous use 5,000 
I'orge shop fuel and sup])hes 4 ,000 

"J ool st(‘el • 8,000 

Heat-treating equiimieiil, siijiplies and maintenance 2,500 

Sjioiled maf(‘rial, 10 tons at $90 900 

Safety appliances, new and upkeep 2.000 

Material transport, u])k(‘(‘]) and new, cranes, hoists, trucks, etc. 6,000 
t'l)kee])of j)lant equipment, chargeable to maintenance but takini 

as parts and material jmrehased, take 1 ^ 2 * ( <^>f $600,000 9,00(^ 

I'pkcep of buildings, taken as before 3,600 

Special im])rovem(*nts and replacements 15,000 

l'|)keep of tool room equi])ment, re])lacing worn tools, files, 

griniling wheels, lost gages, scales, etc 15,000 

J*lanl. service — heating jilant, light and power lines, telejihone, 
belting, general supplies . . 10,000 

Hesearch and insjiection service 15,00(i 

Comjiressed air service, tools, etc ^^,000 

Stock room and storage — upkeep and extension • 5,000 

Office and drafting room supplies, new' files, furniture, fixt Tires, 

and miscellaneous 20,000 

I*ersonal service — medical sup))lie.s, recreatifin, lunch room, 

books, etc .. 15,000 

Outside trans])ort€*t1ion trucks, aiiloinobil(‘.s — snpplu's and 
depreciation 25,000 

Kej)lacements of equijiment, chargeable to depreciation but 

actual j)urchascs only 25 , 000 

(Regular depreciation considered later) 

Oeneral and miscellaneous supplies 40,000 


Total ^ . $ 381,480 


Not«; of inachinery stool, stool oustings, and brass aro busod on oaoh latlio having 

lOG lb., 35 lb. and 15 lb. of tnoso inotals rospootivoly. 
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Labor, o> 2 )urating plant onl}^ 425 men, 2,500 hr. per year, at 02 


cts ; 057,750 

Office, sales, and clerical ,^serviee, taken as 30% of wages . . 197,325 

Power and light, purchased, 356 kw. maximum 
demand, 80% load factor, 1 U kw.-hr., 2,500 

hr , . $10,500 

Extra lighting in off hours •2,000 12,500 

Freight and exjiiess on miscellaneous account 10,000 

Interest on bonds, assumed $500,000 outstanding a.l 5^2 ^ ^ •• 27,500 

Depreciation: 

2 % on $200,000 building $ 4 , 000 

4 % on (UlO.OOO e(iuii)ment ^ 24 , 000 2K . 000 

Insurance — 1 % on $1,000,000 10,000 

Taxes~l ] i % on $800,000 ... 12, 000 

Sales expensi*, -('xcliisive of service's 20,000 

Total operating (‘xpense .$1,35().555 


The total output ‘was assuiued at. the start to l)e on a cost basis 
of 31 cts. per pound, amounting to $1,472,500. "Fliis means that 
this year’s operation shows a margin of $115,045. Actual sales 
would be based on a figure sufficient to yi(*ld a satisfactory divi- 
dend payment on the outstanding sto(‘k investment of $1,160,000, 
SLiid also to guard against possible shrinkage* of value* e)n the heavy 
inventory carried. If 20% were consiele*r(*d sufficient to me*e*t 
these two needs, it would iri(*an a sale* p] ie*e of 37.2 cts. per pound 
of finished net weight of product. 

This analysis has been carried through in consiele*rable* de*tail 
for the purpose* of bringing out the* manifolei items that enter inte) 
the operating expe*nse of a large or medium-sized establishment 
of this typej^. Othe^rs to l)e consieleueel will ))e taken on a mucli 
more condense^d basis. 

APPLICATION TO HEAVY ENGINE BUILDING 

A Diesel oil engine, which may be take*n to typify this class of 
manufacturing, shows the following characteristics. It is built 
according to standard deNsigns, mainly" on an order basis. By 
varying the number of cylinders, a wide range of capacity may be 
secured with a small number of cylinder sizes. Power of units 
built will vary from 150 to 1,000 hp., averaging 500. The weight 
per horsepower, taken from actual figures of a j)rominent manu- 
facturer, is 440 lb. A plant will be taken equipped to turn out 
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10,000 hp. per year, or twenty average engines.^ The anatysis will 
assume a year of maximum, production, which should thus be 
expected to show a surplus of considerable proportions. 

The plant includes an iron foundry for its own work, but pur- 
chases all forgings, steel castings, g^nd brass. Materials will 
thus show a high value pfir pound, some of the forgings being 
massive and complex in form. Plant etpiipmont will not have to 
provide for the features of mass production which entered into 
the machine tool establishment, but there will be several large 
machines. The erecting force will be larger in proportion, and 
must include men ,of skill, both for the shop assembly and for 
erection in purchaser’s j)lant. Inventoric's will be relatively low, 
omitting finished parts in stock. The ratio of capital investment 
to material cost, which was 4.24 in the machine tool plant, will 
here be takcui as 2.40. While this may seem small, it is to be 
remeni})ered that mati^rial cost here is high b(H*.ausc of the expen- 
sive forgings purchas(»d, as not(‘d above. 


Statemkxt of Opehations 


Woipiht of product, 440 X 10,000 = 4,400,000 lb. 

Weight of direct materials, on basis of 10 loss in machining, 

4,400,000 0.90 = 4,SSS,S88 lb. 

CJosL of iiiatcriill, item including all purchast'd of both direct and 
indirect articles, small tool replacements, etc., as j)er (*x[)cri- 

ence of builders, at rate of 1 1.09 cts. per pound $ 540,000 

Number of shof) employees, including erectors, from actual 

cx])oricnce . . .... 255 

Material, direct, jicr emidoyee, tons 9%(> 

W'ages, basis of (52 cts. j)er hour in machine shop and 58 cts. in 
foundry, weighted average 61.4 cts., 2,500 hr. per year. . $ 1191,400 

Salaries, officers and clerical, 25% ^. . .• 97,850 

I’ower, basis of 2.45 hp. installed per employee, 80% of this for 
maximum demand and load factor, 66.7 % of this, at cost of 
2 cts. per kilow'att-hour 

255 X 2.45 X 0.80 X 0.667 X 2,500 X 0.02 = . . 16,750 

Depreciation, 5 % of $500,000 25,000 

Insurance, 1 % of $700,000. . . 7,000 

Taxes, 1 H % of $600,000 9,000 

(icneral repairs and maintenance 10,000 

Miscellaneous overhead 10,000 

Sales expense, excluding service, 10 %. 1 43 , 600 

Total, factory cost plus sales, equals $125 per horsepow^er $1 , 250 , 600 

Cleneral office expense, excluding salariea . 15,000 

Total cost $1,265,600 
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Interest »»and dividends, basis of $500,000 6 % bonds anil 
$790,000 outstanding stock: 

$500,000 X 0.06. $ 30,000 

$790,000 X 0.10 " 79,000 


Total. $1,374,600 

A selling price of 20 % over factory cost yields a gross iiicfi'rne of 1 ,500,000 


Surplus on year s operation . . $ 125,400 


APPLICATION TO GENERAL METAL PRODUCTS PLANT 

A partial analysis is given for a concern ('ngagod in the manu- 
facture of a line of miscellaneous goods, including hoisting, con- 
veying, and materials handling machiiuTy, power transmission 
appliances, crushers, and genc'ral structuial steel work. The 
figures are averages of data secured from two similar plants of 
about the same size, ('ach (unploying approximately 501) men in 
the production department. The output has a value p(‘r pound 
ori(»-half of that for machine tools and is takcui as 18 cts. In this 
class of product the material cost, is about 55^;^ of the t.otal valu(\ 
Wastage of material is greater than for the other types. Sales 
cost is relatively high. Designing assuiries gi*ealer place in the 
cost, since many isolated orders of spc^cial character are taken. 
Investment figure's are not available, but, as compared with 
the engine plant treated above, the difference is not. great. 
In this item the values on buildings and fiermanent equipment 
will be less but inv('ntories on raw materials higher. 


l*AUTiAL Statement of Oceuattons 


Wcigbl of product, per year 
Weight of product, per employee 
Value of product*# at 18 cts. i)er pound 
(k)st of material, this including the many items purchased 
as listed in the preceding ajjplications, 55% of value of 
product. . .... 

Labor, shop force only, scale of 55 cts. average, 2,500 Jir. 

per year, 500 men ... 

Designing, and erecting force on the road, 50 men, aver- 
age $150 per month 

Officials and clerical salaries, 25 % of the shop wages 
Power, from actual record, 46,500 kw.-hr. per month, 
taken at 2 cts. 


IN, 850,000 lb. 

18.85 tons. 
$3,393,000 


1,866,150 

687,500 

90,000 

171,875 

11,100 


Total of items listed ' $2,826,625 

Halanceito cover fixed charges, sales expense, and profit. 566,375 
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FUNCTIONAL DESIGN: SECOND STAGE 

• 

In the second stage of the fiinctional design as applied to metal 
working plants, attention is ccMtered cnftrely on the special 
ai’ticlos to be produced. The anal>%is of the operating conditions 
is presumed to have been made a<i(; 4 !'ding to the methods just 
outlined, so that a good iflea has been secured of th(' amount 
of matcnal to be handled, the ntimber of persons employc'd, and, 
in a partial degree, of the space n^ciuiroments. It is to be 
assumed, also, that the designer knows th(‘ (ixtent to which 
improved management methods an* to Ik‘ employed, so that 
h(' is abl(* to give injolligcnt attention to space ikmhIs for fdanning 
and other service (k'partments. 

The maiT who (lo(^s this designing must be well acquainted 
with all of the* processes of manufacture, lie must also be com- 
petent to analyze* (‘quipment demands on an economic l)asis. 
To sp(‘cify operating machines for specialized process steps 
for which then* will be but small d(*mand,» wli(*n the work in 
(luestioii might be p(*rform(*(l on another machine of mon* general 
service*, may result in adeling equipment of high ce)st-, which will 
adel h(*avily te) e)verheael e*harges, out of harmony with plant 
efiee'tiveness. lie must, aim to proelue*e a l)alane*e‘il equi*i)ment, 
consistent with the scale* e)f the enterjuise. 

The work invedves four elistinct steps, as follows: 

1. Making the eletaile*el analysis e)f the articles te) be* manu- 
facture*el, which me*aiis listing every part- with a spe*cificntie)n of 
the proc(*ss ste*ps to whieii it is te) be subjected. 

2. Se*lecting the* t.e)e)ls re(iuir(*el in the performane*e* e)f these* 
p)'ocess stcips, and making a time* e*stimate for the we)rk anel a 
scheelult; e)f e)pen’atie)ns. 

3. Fre)m the i)ree?eding, to prepare* re)uting diagr;im?5 that shall 
determine the arrangement e)f t.e)e)ls in the j)lant, fre)in which 
space re*eiuircme*nts fe)llow. In perfe)rming this work e*onventie)nal 
elra wings shoulel be* maek*. that are f)urely diagrammatic, showing 
the advance of each piec.c from tool to tool and the points where 
the* several pieces nK*e*t in any pre'-assembly steps. 

4. lasting the requirements as te) special fixt.ure*s, jigs, etc., anel 
estimating the* tool room facilities needed to care* for the shop 
re)utinc. 

W’hem the preceding has been accomplished, the actual planning 
of the buildings begins. In this,»in addition to provisions for 
the equipment covered by the prepared lists, the attendant 
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needs for storag;e of materials, assembly and testing space, 
shipping facilities, materials transportation, space for stock 
handling and issuing; office qvt"T*l'Crs for recording, costing, plan- 
ning, and administration, ai^d suitable quarters for sanitation 
and special needs of the personnel must be given adequate 
attention. Plant service demands for light, powc»r, heat, ventila- 
tion, and general caretaking a^me in for consideration at the 
same time. Well-developed plans are called for that will show to 
scale all the demands of operation and service, and which 
form the basis for the design of the physical plant that is to 
follow. 

Space is not taken for an elaboration of the various steps 
indicated above. An excellent guide, suggestive on many points, 
is the work of Charles Day on ‘'Industrial Plants,’^ published 
by the Engineering Magazine Company of New York. Another 
that will be found useful is ParkhursCs "Applied Scientific Man- 
agement,’’ publishe/1 by John Wiley and Sons. In (’hapter V 
the details of plant design are discussed more fully. 

Modern ideals in the administration of industrial enterprises 
find their most complete expression in metal working plants. 
This is so largely because the factors of labor and equipment are 
here combined in a vital manner, with labor in control of ecpiip- 
ment. The human element is the more significant, but it. cannot 
attain its proper standards unless equipment is adjusted logically. 
Much has been written on management and efficien(*y, but the 
proper point at which to begin in the process of Ixdt.erment is right 
here on plant and process fundamentals. Tools must be s(*l(‘(ded 
wis(dy, and wiselj’^ placed. Materials must move fr(‘(dy and with- 
out unnecessary crossing of traffic lines. Systcuri and order in the 
arrangemeilt of tools and in th(‘ movement, of materials betoken 
a well-ordered management, and the same qualities in men. 
In no other phases of managerial activities will results flow so 
freely from expend(?d effort, or rnec't with such unquestioned 
approval. Manufacturers have far to go to produce plants that 
will equal individual machines in the scale of perfection. Engi- 
neers and designers have produced inarv(dously effective machine 
tools, but they have not progresscnl so far in producing effective 
plants. Their vision must now be broadened to embrace the idea 
of the plant as a working unit - a machine whose smooth opera- 
tion is a primary requisite to fv'^onomical production. 
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IRON And steel 

Considered with its two n^^in divisions — blast, furnaces and 
steel works and rolling mills — tluK^is the lat-g(\st singlt' industry 
in the country. In 1910 the capital einployi‘d was 7.75% of the 
total for all industries, amountiiig J.o $11,458,984,958. It is 
basic to many ^ther (established groups. Whatc'ver affects it, 
involves every other activity whirti usc^s (‘(piipiiK'iit of themachin- 
(erv sort, and this means all. 

lion and stc'c'! manufacturing is a characrtei’istic synth('tical 
indusfry, chemically.. IIk* main jiortions of the physical plant 
ar(‘ d(ev()ted to manjpulative processes, howevea’, and it is with 
th(‘se phases that wc' an* coin^cerned, primarily, nc'sign of plant 
and (‘(piipmNit has to do with th(‘ inov(‘in(‘nt of inakTial, first the 
one, {\yix thnaigh the blast furnac(e; then(*(e to the stcec'! 

furnac(*s, ingot molds, ndieating pits, rolling mills, cutting and 
trimming macliinces; and theruT to storage' and the shipping 
platform. AfU'r th(e final proportioning at thr furnac(e the work 
IS manipulative, calling for transporting facilithes of high capacity 
and (exact adaiitalion to th(‘ sp(‘cializ('(l n(e(‘ds. Only thegen(eral 
f(‘atur(es may Ix' (l(*alt with at this time. 

Th(e following are th(' principal financial characU'ristics, •based 
on th(‘ 1919 C(‘nsus: 


1 1 KM 

Hk\mt Ft 

Sttoek Miklh 

of j)r()(lii(*l.''' 

$794,4()0,r)r>S 

$2,828,902,870 

Adflod vmIuc 

$17;C 1S0,0()2 

$1 , 148,820,018 

(':ij)it:d 

$S02.410,r)41 

$2,050,518,417 

Add<*d viiluc jH'r $1,000 vaUu* 

$228 

$400 

oarntTS jmt $1,000 ad<l(*d valiK*. 

. 29 

.827* 

ValiK* of product p<'r cnii)Iov(M* 

$19,050 

$7?540 

atfcs per cinplovco 

$1 .700 

$1,700 

Pow(*r p(‘r (Mni)loyc*c, horsepower 

:js 

10 2 

C'apilal j)er employee 

$19,250 

$7,075 

Capital per dollar of material 

$1 29 

$1 58 


It will b(* observ(*d t hat these valu(es differ mat(‘rially from those 
cited in the piec(»ding section for the various m(*tal inanufactunes. 
For the blast furnace branch, esp(ecially, capital and value of 
product p(er plant (employee an' high. If values per ton apf)lying 
in th(‘ y('ar 1919 b(e taken as $45 for pig iron and $83 for steel, the 
abov(* figures shfrw the tonnage of fnoduct pei* employ(ee to be 
424 for the blast furnace branch and 91 for steel. This means 
that labor has been reduced t o low figun^s in v)peration procedure. 
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The l24.rge part ^)layed by equipment is indicated by the very 
large figures for power used pbr employee. Wages are high, in 
which connection one must^j;emember that working conditions 
call for a 12-hour day on a tw<o-shiftperday basis in those branches 
demanding continuous operation. ^ 

To make an approximate estimate of conditiQT,is existing in ttu^ 
latter part of 1922, we may takft pig iron at $28; steel averaging at 
$03; material less than at the end of 1919 by 21%; and capital 
reduced by 10% to cover the reduction in that, pai’t represented 
by inventories of materials and stock oq hand. The produc- 
tion per employee was probably somewhat l(*ss in 1 922, by n^ason 
of the lessened scale of l)usiiiess, but the (litT(T(*nc(‘ is difficult to 
estimate with th(^ data obtainable. Applying these corrections 
we have ; 


Itkm 

Value of ])roduct per employee 
Capital per einploj’ce. . 

Capital per dollar of material 
Wages per employee, 80 . 


1*LAHT I''l’RNACE» StEKL MiIXH 

$11,85000 $0,78000 
17.825 00 0,807 (X) 

1.05 1 87 

1,408 (H) 1,300 (X) 


Tue Blast Furnac e Branch 

Under the specification set by the chemist or nudiillurgist, tlu*, 
operation problem is mainly that of handling materials. Routing 
of material is fixed by construction of the plant, and materials 
must move in exact conformity with the quantity facd-ors deter- 
mined by process. Under good standard conditions every ton of 
•iron produced calls for about 2 tons of ore, ton of limestone for 
flux, 1 ton of fuel, and 4 tons blast (air). The outgoing items are 
the ton o£ iron, ton of slag, and 5} ^ cf blast, the last in 
the form of 'a gas valuable as fuel and used in the powcT plant. 
For a 500-ton furnace this means handling daily, for long con- 
tinuous periods, about 1,750 tons of solids, 750 tons of white-hot 
liquids, and 4,750 tons of gases. 

To accomplish this thcire must be i)rovided : storage for mate- 
rials in amount sufficient to meet demands for periods depending 
on transportation of the suppliers, which means for several months 
in the case of ore moving by lake steamer where traffic is held 
up by cold weather in winter; means for handling the raw materials 

^ Recent changes in the ])oliry of the steel industry respecting the 12-hour 
shift will modify these figures. 
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locally in charging the furnaces wi^h proper mixture; compressors 
and heaters for the air blast; piping to take away and purify the 
gas from the •furnace; means for handling the melted iron as it 
flows from the furnace, either ladTe cars when the iron goes 
directly to the steel mill, or pig inoMiug machines when the iron 
goes to the genefal market; means for handling and disposing of 
the slag; and a water supply sysfem for cooling purposes. The 
meeting of these demands calls for both mechanical engineering 
skill and administrative control of a high order. Achievements 
in both lines have been notable. Uiuh'T the pre-war conditions, 
ore was unloaded from lake carriers at a cost of 4 cts. per ton. 
Labor cost at the furnace plant was down to 50 (^ts. per ton of iron 
produced. ? 'hanged wage scales have* increased these costs 
slightly. Power ecpiipment has been brought to the highest 
degree of excellence. Potary air compressors, turbine driven, 
are a[)plied successfull 3 ^ Electric powc'r is used exclusively in 
modern plants for handling and hoisting materials. 

For an accurate and complete description of the equipment 
and methods (*mployed, the reader is referred to Johnson^s 
“Blast Furnace ( construction “ (McClraw-Hill), an excellent 
treatise on the subject. 


The Steel ]\1ill 

The steel making plant and the rolling mill may form (juitc 
distinct sections of the cstablishimuit, operated as separate 
ent(‘i prises in respect to control and accounting. The steel is, 
mo1d('d to ingot form in the former, and if placed on the general 
market will be rolled into billet form in a ^‘slabbing mill.” The 
rolling mill has its “soaking pits” for reheating the billets pre- 
paratory to rolling to commercial forms. The billots coming 
from ('ach furnace “heat” arc marked so as to identify them for 
comparison wdth the record of the charge and (diemical analysis of 
the same. This is of importance in case defective material must 
be traced. 

In steel making, as at. t he blast furnace, handling of material is 
the principal leature in ojxu-ating, outside of the fundamental 
work of proportioning and testing performed by the chemist. 
The iron may come in molten state from the blast furnaces in 
special ladle cars or in solid form. * For charging the furnaces, 
traveling cranes of 5 to 75 tons capacity handle the ladles. Small 
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cranes, 5 to 10 tons, handle th(j scrap charge* and carbonizing ore 
from the charging floor. At the -pouring side, using figures for 
the Indiana Harbor plant afC^ escribed in The Iroh Age of July 
10, 1919, two 150-toii cran?*s handle Ihe ladles, which run as 
large* as 100-1 on e*.af)acity e ae^ii. In this plant there are* ten 90-ton 
basic open hearth furnaces, operating with oil’ or tar fuel. At 
e.*ach furnace there is installed “a waste heat be)ile*r, utilizing the 
hot gase*s on their way to the stack. A turbineMlrive*n fan at the 
base* of the stack serves to draw the gases thiough the* lioiler to 
preve*nt choking e)f the flow away freini the*'ste*el furnace. The*se* 
details are* rnentie)ne*el here, neit as einliodyiiig a elc*scription eif the^ 
ste'cl making j)re)e*e*ss, but siinifly to suggest the types of proble*ms 
that the engine*er must ineH‘t to hanelle* the neve‘r e*neling stream 
e)f me*tal moving on its way to the rolling mills, and te) e‘ffe*e*t every 
possible? saving in fuel and labor. 

In America tlie trend of prae*tice has b(*e‘n to leelue'e labe)r, 
usually at the exfiense of poweT for the* machine*rv e*e}uipment. 
This is consiste*nl with e*onditie)ns here*, wliere* Ia))or is high anel 
fuel cheap, whe*re*as in h]urope*an e5e)iintrie*s file*! is high anel labor 
che*ap. It is neit ce*rtain that the*se redatiems will continue in 
this country if presemt fue*! prices are an indication. The 
'utilizatiem of waste* he*at in thej be)ile*rs re*fe*rre*el te) is a step e)f 
comparative*ly re*e*e*nl time*s, anel marks the* heat ee*e)ne)mizing 
measures that will e*harae*te*rize impie)ve*d e)pe*rating practice* of 
the future. 

The building in the* Ineliana Harbor plant he)using the 10 
,furnace*s, t.ogeth(*r with a ()09-te)n molten me*tal mixer employe*el 
in preparing the charg(*s, is 1,000 ft. long. The* buileling housing 
the main mill, a 40-in. machine, is 920 ft. long. This give*s an 
impiossion e)tthe iiiagnituele of inoel(*rii plants. 

In the rolling mill branch of the* we)rk t he* j)e)ints e)f ediie*f intc'rest 
are the rolling mills themse4ve*s, the* driving pe)we*r e*mpl()ye*el, 
anel the handling of the* stock from the billets in the* se)aking pits 
to the storage e)f finishe*(l inate*rial re*a(ly fe)r the* marke*t. Up 
to recent ye*ars the* he*avy rolls were* (lrive*n by re*ve*rsing steam 
engines, cross-com])ounel e)r twin. The* re*ve^rsing e*lectric me)tor 
has since VK*e*n developeel, so that machines of se;veral thousanel 
horsepowe*!* capacity, erapable e)f re*ve*rsing from full 10 r.p.m. 
ahe*ael to 40 r.p.m. opposite in U -i secureel. Fre)m the 

large mill performing the fir.<t rolling e)pejratie)ns, t he le*ngtheneel 
billets pass to the smaller finishing reflls, ope*rate*el by small mote)rs. 
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In variety and intensity of work, a modern stcud plant presents 
one of the most compk^x prol)linns in prodiurtion. The insistent 
demand for it'sults in moving maft«!rial tenfls to dull the mind 
to (‘.alls for economy, save as increasAl t)r()duction r(»sults in lower 
unit cost. Perlorinanc(‘ jecords aw*, (fcf the utmost importance. 
Such records coiMituU^ the* f^racti cable* (dieck on the* movenu'nt of 
material. Plant desip;n(‘rs have Striven to coeudiiuite capacity 
of furnaces, ca])acity of lolls, and capacity of liaiidliiif* machinery. 
It. is n(*(ressary t-o know wlu're retardation coinc's, if at. all, and 
p(*rf()rnian(re r(*cords j^ive* the* nec(‘ssary data. 

Alth()U{i;h labor hy,s b(*(*n cut to a minimum in this country, 
the* human i)robl(‘m in tin* .d.eel industry is acute. The work 
is str(‘nuous*in a trying; atmosphere. Hours of work an* long at 
))(*st. Operation must needs be continuous, 24 hr. ])er day 
and the* full 7 days [k'j* w(*(*k. Labor cost runs low as compared 
with value* of ]m)duct, a. fae*t that tenels te) cause* unre‘st. This 
phase* e)f aelministration demands an inij)e)i1ant ])la.e*e m the 
I)re)f*:ram e)f the* e*xe*cutive. 


References 

“ Manufrict iin* nrul Properties ol Iron and Sli'el,*’ Me(d*a\v-Hill 
Hook (\). 

Th //.m.'lf/e, v(d.m, pp.2;{,LM2, H)(), 1000, 1102, 1172, 1200; vol. 101, pp. 91, 
119. 

Srx'cial Iteporl on ‘‘Tlie T\v(‘lve-lioiir Sliill in Industry,” by the American 
]Onfi;ine<;rinp, ('ouncil. M. P. niitton (\>, Ni'w Voik, 19215. 

PORTLAND CEMENT 

Portland cement manufacturing is a synthe*tie* f)i(^e*e*ss with 
chemical base*. Te) appre*ciate* the* pre)ble*ms e)f e>f)eratie)n and 
eepiipment , the* pre)e*e*ss must be understeioel in its gene*ral features. 

The usual materials are* lime*ste)Tie* and shale*. (\*rtain e)the*r 
re)ck is fe)unel ce)nt.ainiiu!; the* impe)rtant e*le*me*nts, rie)tably 
marl, whiles alkali waste's, blast furnace slag, e*te*., make* goe)d 
material. 

The che*mical e*le*me*nts e)f the raw mixture* that are e)f primary 
impe)rtance are* calcium carbonate e)f the* liniest.e)Tie*, silica, 
supplicel mainly by the shale, ferric e)xiele, stipplied by both, 
aluminum oxide, supjilied mainly by the shale, anel magnesia, 
ceiming large*ly from the steine*. nie prope*r mix is calculated 
from the analysis eif the materials to give propeirtieins of approxi- 
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matcly 62% cakiuin carbonate, 22% silica, and 8% alumina, 
with other elements in small proportion. 

From quarry and* shale pit <,hc materials are brought in small 
cars to the crusher plant and^thcrc pulveriztMl in ordinary (n ushei’s. 
After this, they usually aue mixed according i.o formula. At this 
point storage is commonly provided, so that ftom here on the 
plant may lun continuously, *24 hr. per day, made necessary 
by the loss occasioned by stopping the kilns, while tlu^ quarries 
arc operated on the 8- to 10-hr. day plan. The mix goes through 
the dryers (mixing ma.y l)e done after drying if moisture* content 
varies) and t h(*n to t he* raw grinders. Two n^ethods are employed 
in the* raw grinding, some using the dry and sonui the wet j)rocess. 
The latter seems to be gaining in favor. Ball and iuhi) mills 
are employed in the* wet ])rocess, the first coarse* grinel being maele 
in what is ejalleel a Keiniinuteir, a form of ball mill. In the* elry 
process the^ (Iriffin mill is ofteai used in the raw mill. 

The finely gre)URd material neiw goes to the shiny tanks (we*l 
process) whei’e it is mixed wdth more wate*r anei agitate'el to secure 
complete unifeirmity e)f preidue^t. From th(*re it is fe‘el te) the 
upper end of the kilns, wdiich are etylinelers, usually 8 ft. in 
diame'Yer and 100 to loO ft. in length, set in an inclined position, 
•lineel with firebrick anel slowly rotated. Here* the mate‘rial is 
burncel to a hard clinker, which drejps from the firing enel of the 
kiln into e;oolcrs which arc smaller reitating cylind(‘rs, pe*rhaps 
6 by 60 ft,., through which cool air is passed. From the e*e)oler 
the clinke*r goes to storage tanks by bucket conveyor, and the*ne*e 
to the hnish grinding. Tube mills (large rotating cylinders 
containing flint balls) anel Griffin mills are used. Belt conve*yors 
are ‘commonly employeMl to carry the finished product into the* 
storage spacQ for sacking and shipping. Because of variability 
in marketing, due to seasonal demands, large storage is necessary. 

An important adjunct is the fu(*l mill, wliene the coal is jiow- 
dcred. In certain localities natural gas has been available as fuel, 
but this is passing and all standard work must be based on coal. 
The coal is first crushed, then dried in a small cylindrical dryer, 
and finally ground in a mill similar to those used for the clinker. 
A screw conveyor is an effective means for moving the powder 
from the grinder to the burner. The burner operates by com- 
pressed air, which blows the coal in a jet into the lower end of the 
kiln and at the same time niiiies the air and coal particles so that 
combustion is rapid with high temperature rise. 
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Space is not given here to accyrate descriptions of the\*(iuip- 
incnt, but the reader is referred to an excellent book for this — 
Eckel's ‘‘Cenlent, Limes, and PlaSffers" (Wiley). 

The leading problems in cement plant construction and opera- 
tion arc the following; • • 

Movement of* raw material from quarry and shale pit. In 
some locations topography permits gravity movement of the 
limestone. Outdoor operations difficult at times. 

Selection of raw mill equipment. Opinions diff(?r as to the 
w(‘t and dry methods, as regards (|uality of cement produced 
and economy in buyning. Wet process was assumed in al)ove 
statements. 

Kiln operation; lining and fuel problems; (‘conomy through 
installation of waste heat boilers in dry process. 

Power dc^velopment economics. Power is used in larger amounts. 
Electric motor drive now common throughout mill. 

CJeneral maintenance and repair. W(‘ar ftn many parts of 
the equif)ment is excessive. A well-e(iuipp(id repair shop is 
necessary, wherein is opportunity for effective system in shop 
management, often iK'glected. 

Transportation, both in the plant and outside. Inc*oming 
coal and outgo must be balanced with storage. • 

Ijabor conditions demand attention, but usually are not serious. 

The process is not as sensitive to the touch of workers as is 
steel making. 

Dust conditions are bad for workers, calling for attention. 

Plant records of process steps in production are of simple; 
character, due to this being a single-ju’odiict enterprise.^ A 
failure in any department at once shows up by effeediyely stop- 
])ing progress in the next, so graduated adjustments are impossible. 
Mat(;rial must move at a fixed rate. For the same reason, cost 
accounting is a simple matter of bookkeeping, wilhout any 
problems on distribution of expense, ex(Hq)t as betw(‘(m different 
departments. 

C'ontrol of quality — a technical matter mainly chemical, 
involving the mix, kiln temperatures, grinding, and admixture 
of gypsum to retard the set. 

The preliminary design of a port land cement plant involves 
matters which were discussed briefly in C^'haptcr III. With the 
marketing question settl(‘d favorably, there must follow a careful 
study of the supply of materials. It is an industry that is bound 
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in location to tin? source of iiyitcrials, limestone and shale, or 
})last furnace slap;, as the cas(* may he. If the former, a favora])le 
site is OIK* so placed t^ial the st(5ne will f)ass to the mfll by p:ravity. 
Topopiraphy is, ther(*fon*, an important eonsid(*ratiori. Fu(*l 
supply follows as an el(‘m(*nt hf sip;nifieane(*. 

The balance of production factors, accordifip; to the 1919 
Census r(*turns, is as follows: * 


Vjiliio of products 

Ad(l('(l v.'iliKi 

('jipilnl ... 

Added vjduo per $],(K)0 of value 
Employee's per iff), 000 of added value . 
Value of jmxluel, per emjdoyee 
Wages j)(^r employee .... 

Pow(*r per emj)loyee, horsepowc'r . . 

( apital per employee 

Capital per dollar of material 
Quantity of ])roduet. lU $2 p('r barrel 


$ 170 , 201,010 
$ 00,705,110 
$271 .200,250 
$540 
200 
$0,S00 

$1 ,:ioo 
10 2 
$10,000 
$a II 
S7, 000, 000 


The followinp; iip;un‘S an* fairly representative* of construction 
and operating costs for a niodern mill of daily capacity of 2,000 
bbl. The site r(*f(*rr(*d to is one where linK*ston(* and shale* e)e*cur 
in superimpose*eI strata, se) plae*e*d that nie)venK*nt e)f ine)st e)f the* 
material to the crushing mill e*an be effect e*d 1)V gravity. 


band .... . .$ 

Development of site 

Water supply .... .... ... 

Temporary struetur(;.s .... 

(!iuarry equipment, ineludiiig liaulage 

Buildings: estimated on basis of siiii]>le stc'el ecuist ruction wilb 
inside waljs plasl(*red on metal lath, exee'pt cenu'iit storage*, 
whiedi js solid* concrete, and office building of brick: 


Office building ... 

$ ;^o,ooo 

C’ement, warehouse . 

100,000 

Main mill, 120 by .TIO by .‘lO 

05,000 

Finish null, 00 by 100 by .‘{0 

27,000 

Mixing and drying mill 

27,000 

Crusfiing plant . . . . . 

7,200 

Power building 

;i5,ooo 

('oal plant, storage and pulverizing 

22,500 

Machine sliop and plant office 

IS, 000 

Connecting structures 

2.S00 

Quarry houses 

2,500 


25.000 

15.000 

27.000 

10.000 
40.000 


$ ;W7.000 
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Miiiii process equipment: ^ 

() Kilns, 8 ft. by 125 ft . . . • ; • * ® 7(»,8(K) 

Kiln lininRS. *. . • 7,200 

Raw mills (Komiriuters) . ^16,000 

Finish mills: 

Tube mills 

Griffin mills . • • 25,(>(K) 

(Last item includes cosl mills.) • 

Ball mills 2S,000 

Rock dryer ... ... 4 , 000 

(\)al dryer 8,200 

Clinker coolers, 2 . 7,200 

Rock crushers . ^ (i.OOO 

(k)al crushers 1.000 

Klevators»and conveyors 7,(i00 


$ 229 , 200 


Installation . 


40,000 

Foundations iiiid special construction 


50,000 

Power plant, ecpiipment, 2,000 kw. at $150 


8(K),000 

Temporary power during construction 


15,000 

Fleet ric motor application 


75,000 

Machine shop equipment 


;i5,ooo 

Miscellaneous mill and ofTice equipm(‘nt 


80,000 

(^intinKcnt, 5'^’<. of equipment and construction 


00()* 

Enj^ineerinji; and supervision, 


00,000 

('hanges during adajitation jieriod 


75,0(K) 

Organizatkm expen.ses 


15,000 

Interest during construction 


50,000 

Total cost 

$1 

, 489,000, 

OcKH.vTi.Nc; Expenses, .\\m 

AL , 

• 

Labor: 



Quarry, 2S men ... 

$ 88,000 


Main mill and power, 95 men . 

. .. 128,250 


Extra kiln and power men, Sundays and holidays. 

20 9,800 


General repair gang, 45 men .... 

07,5(M) 


Yard gang, 12 men 

10.200 


Machine shop force, 9 men . 

10,200 


Stock room and packing, 80 men 

40,950 


Miscellaneous, 15 men .... 

15,000 


Superintendent and oilier force, 0 men 

12,400 


Engineering and chemical serviia* . . . 

• 

12,100 



'J'otal service 


$851,020 
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Supplied: % 

Sacks, basis 1 month’s outpiif ^ ^ . $ 17,750 

Kiln lining material, .i. . . ^ 10,000 

Fuel, 55,700 tons at $4 . . ^ 222,800 

CJypsum 10,000 

Kepair parts, 3% of cquipnmnt* 30,000 

Miscellaneous. .... ‘ *52,000 

• 

Total supplies ... 312,550 

Administrative and general expenses, including salaries, sales 
expense, ofTice expense, water supply, freight and express, yard 

maintenance. ... 75,000 

Machinery replacement and emergency * 15,000 

Fixed charges: , 

Interest on bonds ($1,000,000). . . . 50,000 

Insurance 1^2% of machinery and buildings 12,000 

Taxes, 1 H on $ 1 ,500,000 . 22 , 500 

Depreciation : 

Mill machinery, 8%. . $ 17,720 

Power m acdiiner^^ 5 (7 1 5 , 000 

Machine shop, 0^ 2,100 

Buildings, 2 (> , 740 *1 1 , 500 

^ .. 

Total operating expense $011,220 

Vhitimt, 2,500 X 300 days at 00% cai>acity, barrels . 075,000 

CV)st per barrel. . SI 35 


It is to be noted that the above estimate* (lo(*s not ineliide 
dividends to stockholders or any surplus which a year of practi- 
cally full-time operation should ydeld in order to make good on 
dther y’^ears of poorer demand. Any such estimate is subject, 
also* to errors incident to varying w^age scale, fu(*l costs, (*tc. 
Each dollac difference in cost of coal means a difference of $0,081 
in cost of cement. 

LEATHER TANNING 

The leather manufacturing industry yields another important 
material. It is an industry neither synthetical nor analytical, 
strictly, although under the tanning process the hide does absorb 
some of the treating materials. In the main, the process serves 
to change the condition only of the raiv hide, altering its properties 
to a considerable extent. The process materials in the present 
state of the industry are varied in kind, and the change in this 
respect has had a striking effebt on the manner of conducting the 
business. Under older conditions, when hemlock bark was the 
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chief tannin bearing substance* employed, it wag cheaper io ship 
the hides to the locality furnishftig the bark. Now it is easier 
to ship the tanning extract; biit.^nce hides arc readily trans- 
ported also, the origin of raw materials has a minor influence. 
Enterprises are located with reference ^o other imi)ortant factors, 
therefore, largely those of established precedents or habit. It is a 
unique industry, in that the finished product is shif)p(^d as readily 
as the materials. In producing certain kinds of leather, however, 
especially sole leather, bark is still employed, so there is reason for 
that branch rcmainii\g concentrat(‘d in the Milwaukee-Chicago 
district as it does. Under these conditions it seems strange, at 
first, that many important shoe manufacturing towns -SI. Louis, 
for instance*— produce no shoe leather at all. The reasons have 
already been given, however — the shoe industry following markel 
and leather being easily shipped. 

There are numberless classes and grades oi leatluT, so that in a 
consideration of process for the purpose of bringing out industrial 
elements in the organization and management of an enterprise some 
one class must be (chosen. It may be noted that a sort of classi- 
fication may be made on several different bases, each having a bear- 
ing on process. One such is to distinguish between ‘^fitWslied’^ 
and unfinished'' leathers. Another is on the point of a leather, 
being whole in thickness, or split. Another is on the basis of 
leathers tanned with vegcdablo tannins, on the one hand, and 
with mineral l)ase material, on the other. Chrome leather, which 
supplies ujiper leather for shoes almost entirely, is the best example 
of the last variety. Of the finished leathers there are three 
marked varieties; namely, sole leather, chrome leather, and S, 
general class that may be called “oak" leather, used for a gi*eat 
variety of purpose's, including belting, harness, saddles,*and many 
kinds of leather miscellanies. This last variety will be taken as 
the basis of what follows, although in matters of process most of it 
would apply to sole leather. 

The ])rocess in bare outline only, without consideration of 
alternative methods or iK'vver practices adapted to newer tanning 
materials, consists of the following steps: 

Soakmg . — Mechanical treatment in water. Rotating drums 
or tumblers employed to hasten process, ('hemical assistance 
sometimes provided, in form of one-tenth of solution of 
caustic soda, or otherwise by w^gak acid solution, or simple 
salts. Purpose is cleansing and softening. 
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DepUation, or^ Dehairing . — Several methods employed. The 
most representative employs Time in the form known as milk 
of lime, with small a^nount of^ caustic soda or sulphide if the hides 
are difficult to treat. The liming proc(‘ss requires from 14 to 21 
days. Th(» three-pit system js commonl.y us('(l, th(' hides remain- 
ing in each not less than 8 days. They are hauhrd (removed and 
piled for a few hours) each day%in the first pit., and once for each 
of the others. l.Lse of warm w^ater hastens the process. The* 
last pit contains fresh liquor. Harness leather is piiven longer 
tn^atment than soh' leather. Light skins are given modified 
treatment. Swelling and plumping occurs hen', as well as the 
separating of th(' hair cells. The mechanical part of dehairing 
is performed best by hand, but extensively by matliines. See 
Bennett^s “ Manufacture of Leather’^ (Van Nostrand), and Rogers’ 
'‘Industrial C’hemistry” (Van Nostrand). 

Delrming . — After the dehairing is com])leted the hides must be 
cleansed thorougl\ly from all traces of lime. “Puering” or 
“bating” are terms used. The hides are k(‘pt in pits of licpior 
for several days, with frequent hauling. The liquor is commonly 
a solution of bird or dog manure, but in rei^ent y(*ars a chemical 
))ating material has lieon used. TIk^ action is partly cln'inical 
jind jiartly bacterial- The process involves considerable handling, 
so-called “rocking,” calling for some power ecpiipment; also 
overhead conveyors. This is an important step in the proc^ess. 
Pure soft water is called for. When process is completed, a 
thorough washing is given and the hides sent to the tanning 
room . 

• Tannage . — There is great variation in respect to both methods 
aruP materials. In the main, the hides are held “over sticks” 
in a weak^dicjuor, to which fresh strong liciuor is added (*veiy 
2 or 8 days, lor a period of perhaps IS days, with freciuent. han- 
dling to secure uniformity. They are then packc^l in “ lay-aways ” 
— pits of tanning liquor with layers of ground bark b('tw(‘en hides 
— for perhaps 100 days or more, with variations according to 
conditions and character of goods. This calls for ('xt('nsive 
pit systems in order to maintain a continuous production. For 
example, 100 hides per day, in treatmemt n'tiuiring 140 days in 
full process, means 14,000 hides in the various pits, calling for 
well-ordered construction and heavy investment in stock. There 
are methods that are quicker,, as by rotating drums, but for the 
heavy leather, the time process holds. 
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Finishing . — The remaining steps call for consMerable mechan- 
ical work. The leather (no longer hide) is first soaked in water, 
‘‘fleshed’^ or •shaved, then dried, ‘dipped in tallow or other oil 
for ‘^stuffing,^’ dried out in a series* of high temperature rooms, 
worked out to soften in drums, stretched or '"set out’' on tables, 
worked by hancPor by machines, or both, shaved for uniformity 
in thickness, colored by dyes or*surfac(^ blackening, and finally 
trimmed to market sizes and sorted for the spe(*ial grades and 
classes. S(*veral machines and overhead monorail and trolley 
carriers constitute tlie mechanical ecpiipmeiit. The refenmce 
books not(‘d above give information in more detail on all phases 
of th(' process. 

k^)r a more definite view of the industrial establishment an 
('xainple l)as(‘d on actual opcTating (conditions for a moderate 
plant in the [)re“War period will be given. The leather business 
is one of great, variations, so that. (V'nsus averages are of h'sser 
valiK*. Then' an' many proct'sses employtng a variety of 
tanning siii)stanc('s, for which the demands of the physical 
plant. diff('r matc'rially. The value of hides is another fa(ctor 
subject to pronounc('d change's from various in^^ucnc(^s, so it is 
ini])ractical)l(' to do more than give a single instance that will 
illustrate some of tlu* imy)ortant relationships, but which may* 
not be tak(*n as n financial guide on absolute values. 

The plant is one ynoducing ^^)ak” leather for harness and sad- 
dl('ry us(' in the main. The value of product, actual sales value, 
is $500,000 i)(T y('ar. 

The eay)ital nc'cessary to build and ('(piip the plant, including^ 
the amount, tied up in hides in process, is about $550, QOO. 
Assume $1300,000 stock investment and $250,000 in bonds and 
loans. If handling the larger Ix'ef hide's, the plant will turn 
out 00 to 100 f)('r day, calling for the employnu'nt of 85 to 90 
p('rsons in all branches, including the offices. About 250 hp. 
will me(*t all (h'lnands for power and pumping about the plant, 
unless the water supjdy is esi)eeially difficult to secure. The 
wati'r su|)j)ly is of first significance, both in quality and quantity. 
For this plant the consumption will be not less than 250,000 
gal. per day of soft, clear wab'r. Treatment for softening and 
filtering is usually necessary. Electric motors should be used 
for general service of machinery, but the need for heat in various 
steps of the process requires steam equipment. Engines or 
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turbines with htgh pressure exhaust are likely to prove most 
adaptable. 

The plant will require a bctflding with a ground' floor area of 
25,000 sq. ft., about half of which must be of two-floor construc- 
tion to provide drying aud finishing rooms on the second floor. 
The process calls for hemlock and oak bark sAcd st()rag(' in a 
yard of not less than 3,000 cords capacity. 

Operating expemsos are about as follows : 


Materials : 


Hides.. ... 

Process materials 

Fuel 

Miscellaneous supplier 

$340,000 

13,000 

8,^000 

J , V )00 $302,500 

Labor 

Administration expense 

Sales expense, incliidinpj freight 

Interest on loans, boifds, etc., 6% of $250, (K)0 
Insurance and taxes, 2? 2 % on $300,000 


02,000 

10,000 

15.000 

13.000 
7,500 

Total expenditures 

Income, from sales 


$470,000 

500,000 

" Net income 

Dividend of 8% on stock (assumed) 


» 30 , 000 
24,000 

Surplus 


$ 0,000 


PAPER AND WOOD PULP 

The paper and wood pulp industry is one of the largest in 
this'^ country, and presents many uniciue fcatun^s. The processes 
call for heavy capital expenditures in the form of machinery 
equipment, so that the engineering activities associated with a 
large cntcrj)risc assume much greater proportions than is the 
case with many. 

Mention has been made already of the fact that power and 
raw material demands have forced the large paper mills back into 
the woods to water power sites on the rivers. This means that, 
early in the formative stage of a new undertaking, extended sur- 
veys and studies of power and transportation possibilities are 
necessary. These determine the location in the local sense, and 
usually figure largely in the determination of the general condi- 
tions. It has be^m seen that this is the greatest power user of 
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all the industries in proportion lo created values, f Power d<?velop" 
ment, once the location is fixed, constitutes, therefore, the next 
step in general plant design. Tg^ccoinpUfeh this successfully, 
the processes must be understood, Especially with reference to 
power demand. Wood pulp paper v^]\ be rnadci the basis of 
the analysis. 

First Step —Manufacture of fiulp. —There are two distinct 
processes — ^thc iru'chanical or ground pulp process and the chemical 
process. The latter includc^s s(‘veral types, such as the sulphite 
process and the soda process, both of which are subject to minor 
variation . 

Th(' m(»chaiii(^al proc(‘ss is punOy what the nanic^ imj)lies. 
The wood is cut into short lengths, not over 2 ft., cleared of 
knots and dt'cayed portions, and bark(Ml. The sticks are then 
placed in containers where hydraulic pn^ssure forces them against 
a rapidly r(*volving stone which grinds away the fiber in the 
[)7esence of a stream of watei* which washc^^i the gi-ound mass 
away through strainers to a sump, from which pumps convey 
the heavy fluid to the tanks for tr(‘atment. It requires 45 
hp. to grind 1 ton of pulp in 24 hr. of continuous operation. 
No (‘ffort is made h(*r(% or later, to s(‘parat.(‘ the wood fiber from 
th(i starch and other intercellular substances, so that a bleaching* 
tn'atinent of the pulp is not possible*. This makes neccs.sary 
th(' use of only the light-colored varietic's of wood, such as poplar 
and certain varieties of si)ruce containing little resinous matter. 
The grinding [)rocess jnoduces a short fiber, so that paper made 
from 1 his pulp alone is soft and of low strength. It is used mainly 
for newsf)aper stock, for which it is mixed with the longer fiber 
sulphite })ulp, as noted later. Ii not used at once for this purpose, 
it. is passenl through the mixing tanks to the* flow box ahd thence 
to th(‘ forming cylinders, as will be described later in the paper 
making proc^ess. From here it is carri(*d in a thick sheet to dryers 
and roll(‘d out in heavy sheets, that may be either folded flat 
()!• wound int,o rolls for transportation to the paper mill. 

A mod(*rate-sized mill producing 25, ()()() tons of pul|) per year 
recpiires 3,()()() hj). for the grinders alone. Additional power to 
run th(» saws, barking mill, ('onveyors, spare grinders, pulp 
pump, mixing paddles, forming cylinders, centrifugal pumps, 
and rolls amounts to about (),00() hp, plus several hundred horse- 
power of boiler capacity for drying. This, it is to be observed, 
is to produce the unformed and bulky pulp only- not paper. 
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The excessive {)ower demand for producing a relatively low- 
value pulp makes the process impracticable, except as cheap 
water power is available. If ,a good water supply.uiider natural 
head is not available for weighing the pulp from the grinder, the 
costs of pumping would ^lav^e to be added. 

The sulphite process is more coiiiplicated, Iwt yields a much 
more valuable pulp. The chemical phases will be touched upon 
only incidentally, the aim in this discussion being merely to 
bring out the main features of plant layout. In all chemical 
processes the wood is prepared by chippjng it into small, thin 
pieces the size of a silver quarter dollar, or slightly larger. "J'he 
chipping machines correspond to the grinders of the mechanical 
process, with revolving cutters instead of the stone.* Somewhat, 
less power is required per machine and the capacity is gn^ater. 
In straw mid other similar fiber mills no preparation ol this sort is 
necessary. The material then goes to large cylindrical cookers 
or digesters, whiclj are st eel sheels with lining material suitable to 
resist the cooking litiuor according to th(‘ i)iocess employed. 
To this point the statements apply to any chemical ])rocess. 

For sulphite pulp the liquor is prepared by burning sulphur in 
ovens or furnaces and passing the sulphurous acid gas through 
^ tanks of milk of lime, or through towers containing blocks of lime 
over which water is flowing. A typical licpior contains 2^ ; of 
free sulphurous acid, 1% of combined acid, and of lini(\ 

The amount of sulf)hur used varies from 250 to 400 lb. per t.on of 
pulp, according to the character of th(' wood, about 2,500 gal. of 
liquor being employed. The equifmient includes a carrier for 
•charging the digester with the wood and pumps to handle the* 
liq Mor. 

By the? “c^uick cook’^ method the pulp is digested in 8 to 9 hr. 
under a steam pressure of 80 to 100 lb., maintained by connection 
with boilers. The steam is turned directly into the digester. 
When strong liquor is used, the pulp produced is soft and easily 
bleached for white paper. Weaker liquor produces a strong, 
dark-colored paper used for bags and wrai>pcrs. 

By the ‘‘slow cook'" method 30 to 48 hr. are required. Heat is 
applied by steam at about 15 lb. pressure, circulated in lead 
pipe so that water of condensation will not mix with and weaken 
the liquor. An especially strong paper results, but the process 
is so slow that it is employed only for special grades of 
product. 
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The soda process is similar* as rtigards mechanical mtUiods 
employed , to t he “ quick cook ”, acid sulphite process. The licpior 
is a caustic soda solution of a den»iiy of froili 8 to 10°Be., which 
calls for about 000 lb. of the clKuniftil per cord of wood treated, 
yielding 1,200 to 1,()00 lb. of jiBr-dried pulp. The soda is 
purchased in tht form of scVla ash, which, in combination with 
milk of lime, forms th(' sodium h^^droxide. (Ireat care is neces- 
sary in the soda proc(^ss to avoid injury to the fiber. 

After dig('sting by any of these iiu'thods, the mass of pulp and 
liquor is blown out gf flic digester by steam into tanks, and 
washed thoroughly, the washing requiring as much as 40,000 gal. 
of water per ton of pulp. If it is to be transiiorted to a pa})(T mill, 
th(» pul]) is ‘strained, s(iU(H*ze(l, and rolh^d into sh(‘et form, as 
described before. Combined pul]) and paper mills, that mix two 
or iiior(» grades of ])ulj), usually make only oik' kind and purchase* 
the oth(*r. This means that large* epiantitie'S e)f sul])hite' pulp are* 
sliij)peel to ])a])e*r mills for mixing with mechanical })ul]) fe)r 
ne*ws])aper ste)e*4\. 

The Manufacture af Paper - The ne‘wsj)a])e‘r sto(*k busine*ss is 
re*])re\sentative anel constitutes a large* fraction e)!' the industry. 

( omme)nly, it is made* fre)ni a mixture of 70 f)arts nieediTinical 
and .‘10 parts sulphite* ])ulp. About e‘ight ])arts e)f china e*lay feu* % 
bexly anel small ame)unts of glue* e)r resin for sizing are aelded. 

The first, sie*]) is the ble'aching e)f the ])ul|). This is elone either 
by chloriele e)f lime e)r by a se)lutie)n e)f hype)clile)ride of se)elium e)r 
magnesia. The latter is pre*j)an*d by e*l('ctre)lyzing sexlium 
chloride, fe)rming in solution the hype)chle)ride*. Tour to five 
thousanel kilowat t-hours are ivquiirel ])e'r te)n of chle)rine‘ tre*ateel. 
h'e)rty to e*ighty pe)unds of chlorine, according te) ce)nelitie)ns 
in the dige^sting ])roe*.ess, will bleae*h a ton of air-drie;d ]^llp. 

After bleaediing, the i)ulp mixture goes to the* ])e*ate‘r in thin 
liejuid fe)rm, where it is niixe*el thoroughly, then te) the* How be)x 
anel the forming ewlineler. This kitten* is a sle)wly re*volving 
e*ylinder with i)erforated surface, whie*h i)ie*ks uj) the jiulp anel 
.•d!e)ws the water to How through to the ennite*!*. A centrifugal 
pumj) is useel to keep the water li*ve4 inside* the cylinde*!* several 
inche's below that outside*. The si)e'e*el of the* roll regulates the 
thickne*ss of the she'et of pulj), which passe's under a felt “squeeze” 
roll at the te)j). Tlie telt picks up the she*et. and carries it over a 
suction box where more water is rcivoveel, de*livering it finally to 
press rolls, where the last mechanical act for expe*lling the water 
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is performed. After pressing, the pulp sheet is strong enough to 
leave the felt, and in this form is taken through more rolls on its 
way to the dryer. ' The dryei* consists of a series of cast-iron 
rolls heated with steam of« gradually increasing teinpcratun*, 
from which the sheet, goes tojthe calender rolls, which are of very 
smooth chilled iron. It is now paper, with a fair surface. 

The above steps are n^presentative of what takes place, but the 
description is not complete for paper making on modern mac^hines. 
The Fourdrinier machine is the leading type, for descrif)tions of 
which see Rogers’ ‘^Industrial Chemistr}^ ” and (Voss and Hevan’s 
“Paper Manufacturing.” 

The fine grades of paper are produced by refined f)roc.ess(‘s, 
some of the finest from cotton or other long-fiber pulp niixtur(‘s 
by delicate* hand operations. For present purpose's we need go 
no further in description. 

Power demands continue throughout the plant. It has been 
seen that steam is reejuired for digesting and drying, so that a 
boiler plant is necessary, however plentiful the supjily of power 
by water. In many plants steam engines are used to drive the 
paper machines, for which service they are fitted ])y r(*ason 
of the close degree of speed regulation that can l)e attained in a 
properly desigiK'd engine. There is a large amount of wood 
refuse available for fuel, so that the amount of coal purchased 
is relatively small. 

Much of the material moved in the plant is in liquid or semi- 
li(piid form, calling for many special pumps. Theses may be 
steam or motor driven, l^arge floor space is required for op(*ra- 
'tions,and considerable storage under cover for pulp and chemicals. 
A very large amount of outdoor storage is necessary for logs 
accumulated during the winter and spring seasons. 'J'his calls 
for tracks on which to move the timber both before and after 
cutting to length for grinder or chipper. Quite commonly water 
in flumes serves instead of tracks for this service — wat(‘r power in 
a direct form. 

The heavy servict*, and the corrosive action of chemicals in 
some measure call for extensive repair shop equipment. Somi* 
of this equipment must be for very accurate work on rolls and 
closely adjusted paper machinery. 

Labor is variable in nature. A few highly skilled men an* 
required in each division —Qspecially at the cookers and paper 
machines. Several skilled millwrights and machinists are lU'ces- 
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sary. Many unskilled workers, are cmployea, and here the 
labor turnover is usually lar^e. Much depends upon trained 
chemists and the superintending f(?rcc. 

The following financial analysis is representative of conditions 
under pre-war prices. Since the \?ar* prices of paper have fluc- 
tuated (ionsiderUbly, so no attempt is made to adjust the figures 
to pn^sent conditions. The stsllement covers construction and 
operating costs for a combined pulp and newsprint paper mill 
producing mechanical pulp and purchasing sulphib* pulp foi* 
papen- mix. Capacity, 25,000 tons of paper per year. Location 
is at wai(n’ power .site on a stream that will float the major, 
portion of the lumber from the timber lands to the plant. This 
iiK'ans the manufacture of about 20,000 tons of ground wood pulp 
and th(^ purchase of 8,500 tons of sulphite pulp and 2,500 tons 
of china clay and sizing material as the major raw materials. 
Total power requirements will be 9,500 hp., of which 7,500 hp. 
may lie gerierat(»d from water. With an effective head of 60 
ft., on the turbines, allowing 70% over-all efficiency, this calls 
for 1,575 cu. ft. of water per second. 

In the initial survey, it may be assum(»d, it has been found 
h'asible to store the wood, in the form of long tree trunks* which 
are floated to the plant on the river during the spring high-wat(n* 
season, in a semi-natural lake on the upper level, entered by a 
channel (ait from the river. This provides log storage at a 
cost of $50,000 spent in cutting the canal from the river and 
damming an outlet ravine to impound th(^ water. This construc- 
tion forms a portion of the head works in the water powe;; 
development. 

Financial Analysis 

Income of company (manufacturing plant alone), 25,000 tons 


$S0 $2,000,000 

Investment, not including tiinher lands; 

liand at site, including power privilege $ 20,000 

]*ower development, 7,500 hp. @ $90 675,000 

]x)g storage, noted above 50,0(X) 

Steam power equipment, 2,0(K)-hp. boiler capac- 
ity, 500-hp. engines 75,000 

Buildings, 108,600-sq. ft. floor (ai $2 . 217, 0(K) 

Equipment. 750,000 

Organization expense 100,000 

Engineering, 10%. . ^ 190,000 

Loss on initial operation, c.xperinu!nts, etc. 200,000 

Stocks on hand and cash 350^,000 2,627,000 
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Operating costs, iruAerials: 

Pulp wood (l)jisis of purcliasft from ‘outside) .‘10, ()()() 

cords at $() t * $1 SO, 000 

Sulphite pulp, 8,000 Ions ;it $70^*"* 500,0l)0 

f^iina chiy, 2,000 Ions jit S2r, .^iO.OOO 

]iini(;st,one, salt, and niisccillancohs chemicals JO, 000 

h'liel : • » 

8,000 tons coal at JSt; . i> 48,000 

,500 tons smith and h>un(lrv cok(‘ . . (»,000 

Jjiil)ri(‘at ing oil and olh(*r po\\(‘r supi)lics, t^nOO hp. 

at $.5 17,000 

Miscellaneous suj)j)lies 1.5,000 010,. 500 

Jjahor: • 

Salaried oflicials, o2 at .l.kOOO ... ‘K),000 

AVage earners, 400 at .|000 . ;{00,00rt 1.50,000 

Main! ('nance and repairs: 

Puildin'gs and permanent structures, 2' ^ ... .1*; 12, OIK) 

lOcpiiimu'iit, ,5^:; of SI, 102,500 .58,12.5 70,215 

(\\ al('r ])o\Ner (h'.velopment. cost divid<*d ('(pially 
hetween jK'rmanent structun'sand (‘(piijiment ) 

Depreciation : 

Buildings and structures, S 0,000 

Efpiipment, 5^t> .58,12.5 07,18.5 

‘insurance: 1 buildings, ^2 ^>1^ (*(piij)m('nl, and st(K‘ks 11,-180 

Taxes: 1^;;, on .SI, 750, 000 assessed valuation . . 17,, 500 

Interest : on bonds fassiimed .SI, 000, 000) .50,000 

Total expenditun's and dej)ieci:it ion r(*s(‘r \ (‘ . .. SI, 018, 880 

Met iiK'ome ... 581,120 

A.ssunied dividend 10\ on 102,700 

Balance to surplus .... .S 218,420 


As ill inVinx industries, the luiiidliiig of iiuiU'rials is mu element 
of operation that is important. The jiulj) and ])jipei‘ mills 
deal with a subst.anee that is being transformed from long logs 
to a thin licpiid and back again to licavy rolls of paper. LiiiH'stone 
salt, clay, and coal must also be handl'd. Traveling craiK's, 
track derricks, buck('t elevators, belt convt'yors, sciew conveyors, 
pumps, motor tiucks, ;ind hand trucks all hav(‘ their iioints of 
application. (For a descrijition of several of these appliance's 
8('e the magazine, Industrial Managcutcnl, F('bruary and March 
numbers, 1919.) 

From the standpoint of organization and d(^v(‘lopmeiit, the 
pulp paper business is one of the most complex. Its high-jiower 
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demand makes it imperative that establishmeills be on a large- 
unit basis, and evtui then operating margins arc small under 
normal pri(^(?s. The process(‘s c.aM for much technical service, 
both chemical and mechanical. Engineering occuipies a large 
place*, as already noted. A matter iiotyet mentioned, that mak(*s 
the undertaking more c.oniiilex, is that of operating timber lands 
for pulpwood. Most of the largP com[)ani(*s have found it ii(*ces- 
sary to purchase large tracts of land and to start r(*f()r(*st ing methods 
in order that the future su])ply of raw mat(*rial for their plants 
may be assured. 

The utilization ol’ pulp, made* fre)m we)e)d and fioni varie)us 
othcT materials, is assuming ce)nsielenal)le; iini)e)rtance and is 
likely to increase greatly. The* 1920 e^ensus gives data covering 
40 establishments with a e*e)inbined capital of $17,000,000 anel 
a value e)f proeluct of iie‘arly $24,000,000. This is in aeldition 
te) pape*r l)e)xes and mise*e*llane*e)us pape*r goe>ds — se‘j)aratc industries 
with aceunbineel capit al e)f nearly $200,000,000 tinei oveir $.‘100,000,- 
000 value of product. These artiede*s re*fle*ct the teneleney to 
meet the* growiug ne*eels of the* population by utilizing resources 
that wore unkne)wn in the e*arlie*r stage‘s e)f el(‘vele)pment . At the 
same time it indicates a ])e)ssible* me*nae*e te) the fore*sts, the* pres- 
e*rvatie)n of which is bee*oming e)ne* e)f the* important natie)nal* 
pre)ble*ms. 

SUGAR REFINING 

Sugar refining is another large e*stablishme‘iit industry with 
many complex anel inteivsting pre)ce*sse*s calling le)r liejth e*ngine*er-, 
Ing anel e;hemie*al skill e*e)m])ined with gooel manage*ment. I\ Jar- 
gins run low in both e*ane and ]K*et brane*he*s, se> that ea*e)ne)mies 
are e;arefully stuelied. • 

I'Vom the engineering staneli>e)int. ele*signers must i)rovide for a 
strie*tly ui)-te)-elate anel e*fficient ste*am i)lant. Steam is employeel 
for heating, the use of exhaust ste'am being feasible at se*ve*ral 
l)oints. The sugar mill itself is largely elee*trifieel, so that (*lee*tric 
j)Ower generatie)!! calls for caivful atte*ntie)n. In the beet brane*h 
th(*re are usually various aelelitie)nal elements to be eonsieler(*d 
redating to power. He*re the sugar mill can of)e*rate ie)r e)nly a 
short j)ortion of the year, 100 to 120 elays, anel auxiliary service* 
must be considereel. Beets are grown in rotation with alfalfa, 
so there are large cpiantities of the latter cre)p te) be ground and 
hanelleel. Much of the be(*t crejj) of the United States is grown 
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on irrigated lantf in serni-arid regions. This may give rise to a 
demand for power for pumping irrigating water, which is a service 
‘^off-season*’ as regards sugar* mill operation. Thesi'i comliine to 
make an important element* in the engineering work. In one 
(),00()-ton plant there are* in.4talled 91 electric motors, totaling 
1,008 hp., this including motor driven boiler feed-pumps and the 
machinery of the alfalfa feed mfil. 

C^onfining attention to beet sugar, the plant must l)e laid out 
with first ref(Ten(;e to the process — whicdi imposes certain charac- 
teristics. The materials mov(i readily to different levels rather 
than horizontally, giving rise to a building with at least throe floor 
hivels above* a basement storage for finished sugar. Actual 
floors are not built in continuously", however, since *i)art of the 
equipmeuit (evaporators and filters) extends conv(*niently through 
two floors. Open gallery construction is preferable at the* second 
floor. 

Outside storage* for 20, ()()() tons or more* of b(*(*ts must be 
provided; also for considerable (|uantities of liiiK^stone. Kilns 
to burn lime, involving apparatus to make the CX).j gas for use 
later in the carl)onfltion steps, must bo f)rovide(l. 'I'ln* first 
step pVeliminary to th(‘. process itself includes washing th(*. beets, 
•elevating into th(* mill, usually to second floor l(*v(*l, w(*ighing 
and then putting them through the sheers. From h(‘re on the 
process is of major interest to chemists, and the rea(l(*r is n^ferred 
to Rogers* “Industrial ('hemistry.” The following list of equip- 
ment items serves to outline the process (Steffen) and also to 
indicate the power distribution. It applies U) a j)lant i)roducing 

(),()()() tons of sugar in a season. 

« 

* I’JKK KSS AND ToWEll KgVlPMENT 

MoTOJIS llOKHKI'OWEU 


Beet shed, picker and conveyor 2 7 0 

Jieet wheel and refuse ])ulp pump 1 40 0 

Beet w’asher. . . .110 0 

Beet elevator J 1 *5 . 0 

Knife files and tradings elevator 1 T) 0 

Beet sheer 1 40.0 

Lime kiln, hoist, cruslier, pulverizing mills and fans, 
blower at kiln, powered lime scroll, CO 2 fan and 
compressors, ventilator fan, elevator 14 242.0 

Diffuser battery water pump ' 1 40.0 

Haw juice a. d evaporator pump. . 1 20.0 
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Process and Power Equipment iContifiued) 


Carbonation rqpciving tank ^ ^ 

Motork 

•. 1 

Horhepoweu 

1.0 

First and second carbonation pump . ^ 

1 

75.0 

Auxiliary carbonation pump 

1 

30.0 

Waste juice pump. ... • 

1 

3.0 

First hot press, wtlsher 

1 

5.0 

Hot press scroll ... f . 

1 

7.5 

Pump and heater, second carbonation 

1 

5.0 

Heater, sulphur station, thin 

1 

10.0 

Thick press and sulphur station . 

1 

10 0 

Juice to second sulphur station. . . 

1 

7.5 

Washer, second hot prqps 

1 

5.0 

Mud pump and mixer. . 

1 

7 5 

Evaporator c®ndensed water pump 

1 

10 0 

("entrifugals, white and brown. . 

2 

150.0 

Centrifugal spra.y. . 

6 

3.0 

Granulator. . 

1 

25.0 

Granulator fan. 

1 

10 0 

Oystallizer . . 

. 1 

7 5 

Sugar meltcr mixer. 

1 

2 0 

Wet sugar elevator. 

1 

3 0 

Dry sugar elevator . . 

1 

5.0 

Bag sewing machine 

1 

2.0 

Sacked sugar conveyor. 

1 

*7.5 

Steffens house: air compressor, cold press pumps, 

agitator, waste water pump, rattler, etc 7 

175.5 

Fulp dryers, conveyor, feed mixer, grinder, etc 

() 

72.0 

Water supply service wit h boosters in jdant . 

S 

410.0 

Machine shop 

S 

33.0 

T^ower plant . 

8 

06 0 

Miscellaneous 

2 

8.0 


The actual power consumption is about (>()% of the connected 
motor load, representing about bOO boiler hp. with modern 
generating eciuifirnent. • 

( -ane sugar firoduction differs in many respi^cts from that of 
beet sugar. It is divided into two distinct steps, the first being 
the production of raw sugar and molasses from the cane, carried 
on near the cane fdantations. It is seasonal like the beet industry, 
the (uop being cared for after the harvest. The raw sugar 
commonly goes to separate refineries, which may thus operate 
(continuously. The process is simpler than with beet sugar, and 
the mechaniccal appliances are less prominent in the opening 
stages. In other respects the foregoing list of equipment items 
is sufficiently indicative of the plaint in respect to the physical 
features, and so will not be repeated. 
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lar^o ('ano r(‘fincrios afford illustrations of the highest 
types of enginooring^work, directed toward fuel economy and the 
(‘limination of hihor in handlfiig materials. ( )ne 'of the latest 
])lants, having m caj)acity oV 10,090 h])l. ])(t day (350 lb. i)er 
barrel) has instali(‘d I(),()(V) toiler h]). rated (*apacity, operating 
normally at 50 to 75^' above* rating. This is duly OOr^ of the 
])ower indicated j)(‘r barn*! ca])acity in lh(i beet sugar plant wliose 
(HjuijmK'iit is outlin(‘<] above. 1'he diff(Tenc(* is due* in part to 
process— handling of b(*ets and slicing not being includ(Ml and in 
])art to th(‘ large* size e)f the e*ane sugar establishiiH*nt . 

The* re‘finiTig brane*li is the* e>nly e)ne susc(*f)t.ibl(* te) finane*ial 
analysis, })ecause* ejf the* se*a.se)nal character of the* e)th(‘r. The* 
fe)llowing is fa.irly re‘i)re*se*ntative of a, medium size* e)f e*stablish- 
nient, liaving a caj)acity of 5,000 bbl. e)f refineel sugar j)er day of 
2*l hr. A barre*! we*iglis 350 lb., se) that the total annual e)ut|)ut e)n 
the* basis e)f 300 we)rking elays figuivs at 202,500 te)ns e)t sugar. 
The tigure of 250,000 tons is use‘d. 

Significant r(‘lat ieinships are: 


AiiKuari of I’MW sii^nr lo yiejM I Ion ol refinod 
tFucI re‘(jnir(ul i)e*r Ion of raw sn^ar 
Tons raw sugar liandicd per wage (‘arner 
Value of l)y-j)roducls, \A^/( ol \ alue of ndined Migai 
Value of {)roduc(s pen' wage* (*arner 
Salaries lo oflicials eapiaLs of w^age^s p:iid. 

Valueis for 10‘JI : 

Kefined sugar, ])('!■ (on ... 

* Itaw, i>e*r ton ... 


• ]N\ I'.STAIK.N r 

Investment in jdant 

Inventories, raw' and refined slocks 
Working capital 

Total capital .... 

Division on incoine*-earning basis: 
Borrowings on ini crest at 5.5 Vi-. 

Accounts not on intcresi 

Fixed investment 


1 22 Ions 
041 tons 
2,35S tons 


$:)* 2 .() 0 () 


$\m 50 
SI 17 20 


S 9,250,000 
3,500,000 
975,000 


$13,725,000 


3,000,000 

500,000 

10.225,000 
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OpERATififi Account 

Income: 

250,000 tons at tlOC.-TO * .. . . f4J,(i25,000 

By-products, *1.1% 457,875 $12,082,875 

l^X'pcnditures : . 

Mjit-eriMls! ^ , 

;{()r),000 Ions niw sujriir X $117.20 $27). 750, ()()() 

Vucl, 125,050 tons coal ut $5 . (>25, 25(1 

Lime, hone black, clieniicals, ole . . 2, 12(),000 


Labor: 

Wages 1() 1,290 einj)l(»yo(5s 1,2S7, ()()() 

Salaries 1() olTicials . » ... :i()S,000 

Li\ 0 (l charges, covering depreciation, maint(‘- 

nance, insiiLince, taxes, tP;;, of plant S;i2,50() 

Clencral exi)ense, including sales, but exclusive of 

salaries 150,000 

C'aj)ital charges: 

Interest, 5.5<:;. of $0, 000, 000 ... 105.000 

Dividend, assumed 1% on $10,250,000 <*15.750 


"Polal of all expiMidituros, including dividends . $11,959,500 

Surplus . 12:}. 575 


STARCH AND GLUCOSE 

The starch and glucose, or, in c.ominon tonus, the corn products 
industry is oiu) calling lor much the same sort of engineering work 
as sugar refining. Since* corn keeps for ind(‘finite periods under 
pro|)er conditions, continuous operation is the rule, and high- 
gradtr (*(iuipinent for power generation and application, with the 
l)(*st d(‘vices for handling of materials, is demanded for (‘fficiency. 
Tlu' small j)otato starch factories are necessarily seasonal in 
operation and do not conu* within the class of (enterprises con- 
t(‘mplated in the following discussion. Plants using wh(‘at are 
similar to the ccun mills in many res|)ects. 

A plant consuming 1 ,()()() 1)U. p(T day will be used as a type. 
It. is small in comparison with a h'w mod(M*n establishment, but is 
still represen tat iv(e of good practice. It has standard elevator 
storage* for 50, 000 bu. of corn, in three 20-ft . diameter elevators. 
In addition to this tluTe are, within the mill, several bins having 
storage capacity for several days run. This is th(' first element 
to provide for as tlu* plant layc^it is being considered, and 
for it about 800 sq. ft. of floor space should be allowed. A 
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Kood ArranReinAit is to placo this on an upper level, in ov(‘-r- 
head bins feeding by gravity into .conveyors that carry the corn 
on its way to the initial-prwccss containers. Bucket elevators 
from Ihe urdoading chute hbist fhc corn to tht^se bins, as (!oal 
is handled in large power ‘jdahts. 

It should be understood at the oulset that the'first sti'ps in th(‘ 
process involve the use of niuch'water, so that the e(}uipinent and 
llooi’s are continually wet anti the atmosijhere ht'avily chai'gt'd 
with inoisturt*. Such a conditittn is unsuitt'd to the handling of 
the product in its lat t'r stages. Thertdore, two separate buildings 
art' tlesirablt', one being calletl the “ wtd starc,h” anti the other the 
“tlry .starch” building. In the wet ,sectit)n, 00 by 85 ft., four 
flot)rs art' assurnetl. A third builtling is the ft't'tl hoiist', tht' feetl 
being a by-jnotluct of grt'at iinpttrtance, anti a fourth the power 
jdant . 

Tht' water suf)pl\- is a factor t)f jn-iint' significance, both as tf» 
tjuantity anti quality. The first (ba.seinent) floor t)f the wet 
building is usetl in largt' part ftn- water treatment anti storage. 
'Pht' water usually retpiirt's st)ftt'ning anti nmst bt' free frt)m sulphur. 
A half million gallons or more jx'r day is retpiirt'd. This means 
that tht' natural wattsr supply is a li'atling tionsidei’ation in tht* 
•select it)n of a local it)n a matter previt)usly ntdetl. 

1’he chemical trt'at.ment neetl not. be given in tlt't.ail, as the 
following outline notes t)n t'quipmi'nt indicat.^^ tht' character of the 
process w’ith all the aetairacj^ nect'ssary at this .st.age. 

Wii}ihin{j.— -( \)rn from the .stt)rage bins is carrietl by ctmveytw to 
plain tanks fittt'd with mottn-tlriven agitators. Fltan- space 
300 sq. ft.; fourth llt)or ; 2-hp. motors. 

— (lt>rn taken tt) t ubs anti soakeil in sohitit)n of sulphur- 
t)us aciil ; A) ty 1 5 tons : 3,000 .sq. ft . ; third floor; cttrii 3 or 4 tlays in 
.stet'p; liquor hcatetl by steam, in tank abf)vt', tt) 120° F. anti 
circulated by gravity through the tubs. 

Erajwratom. — Steep litpit)!- frt)m tubs is herti conct'ntratt'd ftn- 
ust^ later in feetl mill. One large [)an on secontl flof)r; steam 
heated. 

Degerminators - -Corn to “fu.ss mills" tui secontl floor; twt) in 
t)peration; mill cf)nsists t)f container with two vertical plant's 
revolving in t)ppt)sitt' tlirections, bringing ct)rn under motlerate 
pressure to squeeze out the germs; 500 stj. ft.; 4 motors, 15 hp. 
each. 
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Germ Separators. — The pulpy mass is elevatefl from tile fuss 
mills to fourth floor to the separators, which are half cylinder 
wood tubs, lying on their sides, iift. diamt'ter by 20 ft. long; 
water is circulated from ilni bottom, Hgitating the mass and carry- 
ing the germs to the top, whence th?iy are sluiced off; the heavicii* 
starch-bearing body of th(^ corn passes out below; six tubs; 
1,400 s(i. ft.; 1 motor, 25 hp. '^he two parts an^ then treated 
S(‘parately, as indicated by the parallel arrangcuneht. below'. 


Stauch Body 

t 

ir«.s7;mgf livvla: Koctanftuhir wood 
tjink.^ 4 by 8«ft. wiOi two rotating 
reels niul water spniyed over t(»p; 
9 tanks; OtiO scj. ft.; water with 
starcli to shakers below; eoarse 
material niov(‘d out from bottom by 
screw conveyor; fourth floor or 
elevated on third: 2 motors, 10 lip. 
each. 

Mill Tahlxn: Coarse material from 
reels received, mixed, and stored 
temporarily; 2 wood cvlindrical 
tanks, 10 ft. in diameter; oOO sip ft. 

Buhrstoiie Mills: (Jrm(l(‘rs; coarse 
stones; vertical cylindrical form; (> 
mills; 1,500 stp ft.; second floor; 0 
motors, 25 hp. each. 


( Ikkms 

Washmg Beds: Same as for starch 
b(»dy; 3 tanks; third floor; 200 sq. ft.; 

2 motors, 5 hji. each; water with 
starch washed olT goes to shakers. 

Dnjvrs: C^entrifugal expeller and 
then cylindrical flue tyjie dryer using 
liot air; 750 sq^ ft.; 1 motor, 20 hp.; 

1 motor, 10 hp. ; third or second floor. 

GvrvL Bm: Dried germ storage; 
100 sq. ft.; second floor of feed house. 

Oil Presses: Four double screw 
jiresses; ;^00 scj. ft.; second flobr feed 
house; 1 motor, 25 hp. • 

Oil Refiner!/: Separate building, 
jiroducing oil for market. 

Uemaining mass from presses forms 
gc'rm meal, a valuable cattle feed, 
sold as jiressed cake. 

(Knd of germ treatment ) 


Shnhers- The semi-liquid mass from the Inil^rstbne mills 
is pumped to the third or fourth floor and distributtMl ovt'r 
15 shakers, wdiich an^ tables about 4 by 10 ft. set on an incline; 
built, in the form of troughs 10 in. w'ide, scretm bottom; 1,200 
sep ft.; 2 motors on line shafts, 15 hp. each. This is repeated 
on “silk’^ liottom shaktu's on second floor, which are bolting 
cloth screens through w'hich the starch and most of the gluten 
are washed, the bran residue trailing oft’ the lower end of the 
shaker. It is hen' that the washings from tlu' reels join the 
main current; 600 sq.ft.; 1 motor, 15 hp. Another separation 
takes place here, as indi(^ated below'* 
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St-ARCU AND C^iUTEN LigUOIt 

Troughs: Also called **Runs** or 
''Tuhles,'’ Liquor from, shakers, after 
fiKitaljon in tanks and adjusting ‘"to 
density of 4 to 0® nins sloA^ly 
into troughs having very « slight 
incline, 80 ft. long, 20 jri. wid«‘, 10 
in. deep, arranged in three decks, 11^ 
on each deck. As tlie liquor moves 
slowly down the troughs the starch 
settles to the bottom while tlie gluten 
remains in suspension and flows olT 
at the lower end, wlience it is taken 
to the caiarse residue mixing tank. 
This equipment is iii the range* (»f 
second and third floors of tin* dry 
starch l)uilding, and with runw’ays 
occupies ,‘58,000 sep ft. (In large 
])lants the troughs are often built up 
to 120 ft. long.) ddie starch is 
shoveled out of the troughs, and goes 
to one of the two following recep- 
tacles for treatment, according to 
character of marketable i*roduct. 


' COAllHE UeSIDDE 

Mixing Tank: Bran from shakers, 
Wut.en liquor from the troughs, and 
steep liquor from evaporators mixed; 
200 sq. ft.; on second floor of feed 
liousc: 1 motor, 5 Jip. 

P tltrr Ptess: Tvag filters; 4 hori- 
zontal ])resses; 1,200 sq. ft.; first floor 
feed house; hydraulic pressure by 
steam ])umj)s. 

]>rtfcrs: d'en cylinders, 0 ft., in 
diameter, J8 ft. long; 2,000 sq. ft., 
first tloor fc(‘d house; pipi^ heater 
and fan; 1 motor, h]). 

Mills: Two ordinary feed grinders 
250 sip ft.; first floor feed house. 

Troduct-- glu0*n meal. 


, A. When it is iiiarktd/od as starch, it. goes to the vacuum 
dryers, whit^li are horizontal cylinders, S ft. in diameter liy 25 ft. 
long, oquif)ped with vacuum pumps and stt^am heated; 9 dryers 
are used; 4,000 sq. ft.; first floor of dry starch building; 8 motors, 
rotating dryers, 15 hp. each; 8 vacuum i)umi) motors, 17.5 lip. 
each; steam for heating. Product- peail starcli. As alter- 
native, a i)ortioii (amount according to demand) is thinn(*d 
again with dilute acid, boiled in vats, and j)recipitated as high- 
grade staivh.^ Product — ^tlun boiling starch. 

Storage aiid Shipjiiiig- The pearl stareh is bolted and graded, 
an<l packed for market ; 8,000 to 10,000 sep ft., required, usually 
in a separate building; 2 motors (coiJV('yor and bolter), 15 and 
20 hp. 

B, When the process is extended to produce glucose it, is 
treated as follows: 

Starch is converted to glucose by the hydrolyzing aelion of 
dilute acids, in which dextrin chang(?s t.o dextrose^. Commer- 
cial glucose, used extensively in food prc'paraiions, is producred 
when the action has proceedc;d to a point such t,hat about 25% 
of the substance remains in the form of dextrin. (For a full 
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discussion of this, see Rogers’ ‘'Industrial Chemistry/’ pp. 
772-778.) 

Glucose production involves addftional building space for the 
conversion of the starch; filtering the glucose in two steps, in 
bag filters and bon(‘-char filters, as in refining of sugar; and (;oii- 
centrating in vacuum pan l-o a thierk sju’up. The (ronverter, v(‘r- 
tical in form, calls for st eam at ^0 lb. pressure*. 'I'lie syrup is 
handh'd several times wit h juimps, calling for about 200 motor hp. 
The vacuum ]xin (‘om^ontrator emails for steam for heating anel a 
vacuum pump with 2r)-»h[). motor. Storage and handling equip- 
iiKuit for the l)arr(*l(*d syrup corresiionds to similar ju’o visions for 
starch. Building space of about 8,000 sq. ft. additional floor 
ar(*a is re(|uired. 

The above schedvile includes 48 motors of 915 hp. total, but 
d()('s not include power for pumping water, grain elevator service, 
or for misceUan(H)us service in the plant. The plant has an 
actual install(*d geuierating capacity of 2,000 A:va., 25'’/ of this 
being in res(*rve units. 


FUR-FELT HATS 

• 

Fur-felt hat manufacturing, meT»’s styles, is atypi(‘al manipu- 
lative t)rocess, l(*aving out of account, all dyeing or coloring of 
material. Phmi (h'sign is a matter of providing si)ace, equip- 
ment, ami power for the S(*v('ral process st(*ps, when* the material 
is adaptable* to move'inent without fixed limit iition set by quality 
chara(!teristic,s, exc(*pt that in one series of operations water 
is used. In the initial st’ries of operations, moisture is i)rohibited, 
be(?ause it would mak(* it impossi))le to handle the fur. The 
dominating principle is to establish the routing of tlu' goods in 
accordance with (*conomy in 0 ])eration. • 

The j)roc(’!SS may be considered iinder the following four heads, 
corn^sponding in g(*neral to as many subdivisions of the plant, 
which may be s(*parate sections, rooms, or buildings, according 
to the size of tlu* ent(*rprise. The space and power figures corre- 
spond to a, plant turning out 250 dozen soft hats per day. There 
will b(* used annually about 120 tons of rabbit, fur and 20 tons of 
other materials, which include shellac for sizing, leather, cloth 
banding, alcohol, and dyes. Large quantities of hot water are 
used. 

Preliminary Steps . — Storage of skins; cutting fur from skins; 
mixing; blowing; carding. These must be perforined in a dry 
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atmosphere, "^he blowing is to remove hair from the fur. ( 'ard- 
ing rolls, called “deYils,’^ disentangle matted fur by separating the 
fibers. High-speed blowcrs^tite used, necessitating good machin- 
ery foundations. About 0,000 sq. ft. of floor space are required, 
half being for th(^ blowinfc and carding; GO hp. required. 

Forming Herics. — a. Forming. The fur is* weighed into a 
cylinder and drawn by suction against the outer surface' of a 
perforat('d c()i)p(*r cone that is rotaU'd to insure uniform thickiu'ss 
of the layer. A wet cloth is wrapped around it. and it is t.he'n 
dipped ill hot water, followed by working or kneading with 
n'peated diiiping to liardem the body. There an^ 24 machines, 
each re(|uiring 20 hp. for the exhaust fan and rotating of cone. 
Floor space, 2,400 s(]. ft. 

b. Sizing. Continuation of hardening yirocess, slirinking and 
molding to size on forms, with alternate wetting and drying; 
numerous rolling inachines call for about 100 hp. ; 1,000 sep ft. 

c. Stiffening. Special machines for rolling to form; shellac 
us('d on brims; 10 machines, 5 hp. each. Dyeing is done in 
conjunction with Ihis step. Sjiace required, 1,100 sep ft., not 
including drying room. 

d. St.n'tching and Blocking. Numerous special machines; 
20 hp.; 000 sq. ft. 

c. (Vntrifugal Diying. 200 sep ft. 30 hp. 

/. Pouncing, crown and ))rini s(*f)arat(*ly; special machiiK's 
combing up the nap; 400 s(p ft.; 25 hf). 

g. Drying room, used re])eatedly in aliove proc(*sses; 1,000 s(p 
ft. All except (/) are essentially wet processes and should be 
iTe])uilding separate from finishing stages. 

Finishing — Mostl.y hand processes of ironing, addcul [)ouncing 
of brims, rounding, curling, flanging, binding, trimming, sewing 
heather bands, final finishing. Small machin(*s us(m 1 for ironing, 
cutting, and sewing; 0,000 sq. ft.; 50 hp. 

Packing and Shipping , — 900 sq. ft. (hmcral transportation, 
elevators, etc., 100 hp. Total, 923 hp. ; 20,200 sq. ft. of floor space. 

(For illustration of combined soft and stiff hat plant with 
routing lines, see Day’s Industrial Plants,’^ p. 124.) 

WOOLEN GOODS 

The woolen branches of the general textile industry must be 
considerca in tluve parl.s. The production of yarn is the first, 
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* . ^ * 

and includes the initial preparation of the wool, through the 
spinning process. Many plants are devoted, exclusively to this. 
The second is"the weaving of woorf^brics, generally carric'd on in 
conjunction with the* part. Th(5 complete* plant, where the 
raw wool is prepared, carded, spun, i\iid woven into cloth, is 
what is meant, Tisually, when the term “woolen miir^ is used. 
In interpreting general statistics on the woolen industry, however, 
it is neu^cssary to take into account the fact that many of the 
mills which are included (^arry the process only t.o the yarn stage. 
The third part is the producing of knittcul goods. Here, again, 
there is a complication in classification, since the custom is to 
unite wool, cotton, silk and other kinds of goods in typical knit- 
goods plants. In the last group it is the process of knitting, 
similar in its utilization of the s(*v(a‘al materials, that dictates th(* 
scope of individual establishments, whik* in the first two it is 
the character of the raw material which det(*rniines the major 
steps in the process. ^ 

Because of this division of the industjy, it is impracticabh* to 
use (kmsus reports as a basis for (*stimating tlie cost of operation 
for any one of the types of plants, although figiir(*s for knit-goods 
arc* reasonabl}" reliable if one assumes a plant devoted entirely to 
wool products. Direct methods arc* necessary, for which a 
tolerable degree, of familiarity with the*, details is requir(*d. 

In the Ihiited States wool carding and spinning developed early 
in ihi) vicinity of Philadelphia, because of the large* German 
population which was active in the knit -goods business. That 
initial start acccjunts largidy for the continued ])rominence of i 
that district in this class of production. In a similar manner tjie 
activity of the cotton fabric industry in New hhigland ^Irc'w the 
wool(*n fabrics production into that region. Thc'sc* ifiiiic natural 
tendencaes are responsible* for the segregation which has p(*rsisted 
in the d('V(*lopment of all three of the branchc‘s of the general 
woolen industiy. Another influence which has held it in the 
Atlantic stat(\s is the importance* of a humid atmosi)her(‘ as an 
aid in the* manipulation of the wool fibers in the process of spin- 
ning. Tliis advantage is minimized, however, by the more recent 
practices of controlling the air condition by artificial mc*ans, even 
in the regions of high natural humidity. 

In the analysis, a complete mill, producing a medium-grade 
cloth, will be used. The data may*be adapted to a mill which 
markets the yarn by simply stopping the process at an intermediate 
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point, although such a mill should be of larger relative capacity 
to insure economical operation. » Figures are based on carding 

500.000 lb. of wool annually ^fa' small mill), which cd,lls for what is 
termed a “six-s(*t” mill, the term referring to the e(iuipment in 
the carding I'Oorn, as wilFbc seen later. 

It is impossible to assign a value to wool tliat’may be expect ed 
to hold for an (!xt(>nded ])eri(Kl. In 1909 the average price on 
botli foreign and donu'st ic clips, as purchased by the manuf acturors 
of Massachusetts, was 2S.] cts. per pound. In 1914, it was 23.5 
cts. In 1919, it was 00 cts. C'urrent. (juotations on wool in the 
mountain states f)f the West at the jm'scmt titne (h'ebruary, 1923) 
range from 50 to 5() cts. What the eoming years will bring 
cannot be foretold, but the convenient juice of 50 cts. will be used 
in the illustrative (lalculations to follow. Siinilarlj', the value of 
woolen-goods at the mill, both as cloth and as yarn, will vary 
through ranges liard to ('stimate. This variation is due, not 
aloiH! to cost of 'ihc raw material ])ut also to changes in the 
wage scale and t(.) changes in the relative amounts of all-wool, 
wool-and-cotton, cottcm-wari)-wool-filling, and variable grades of 
“shoddy’’ fillings in the total of fabrics jiroduced. Tin* figures 
for the Massachusetts mills were, for “all-wool” goods, $1.00 per 
s(juare yard in J9J9, on an aveiag(‘ win'ght of 0.5S3 lb. ju'r yard, 
and $0,029 in 1914. For the total of woven goods, all vaih'ties, 
it was $1.19 in 1919, on an average weight of 0.529 lb., and $0,322 
in 1914. For the illustrative calculation, “all-wool” goods will 
be a.ssunied, in w'cight 10‘;), lower than the Massachusetts average, 

• and a gc'iK'ial juice* 20Vo below the 1919 level. This gives a 
vj^lue p(*r square j^ard of 80% of $1.00, furtluT reduced by 5 Vo to 
allow for he reducetl weight , or $1 .210. 

Wool as purchased will yield about 02% of scoured wool, ready 
for carding. This means that 805,000 lb. must be j)urchased to 
give 500,000 lb. for use. In addition, tluTo will be j)urcha.sed 
j-ecovered wool fiber “tops” and other short -fiber wool wastes, 
to mix with tlu* filling, 'l{)% of the wool in amount, or 80,500 lb., 
at 36 cts. i)er pound. The weight of finish('d goods, allowing 
a small j)ercentag<i of loss, will then be tak(*n at 550,000 lb., or 

1.047.000 sq. yd. If th(' process Iwi stoi)pcd for the production of 
a high-grad(i, long-fiber yarn for t he knit -goods industry, the 
weight produced will be about- 475,()t)0 lb., valued at, say, $1.68 
per i)ound. 



FUNCTIONAL DESIGN OF THE ENTERPRISE 


101 


• • • 

From these general data we may proceed, with such degree of 
accuracy as is necessary at this stage in the development, to make 
a statement of investment and opei'a^ing exi)enditures. 


Investment.: ^ 

Land and build ing.s * $200,000 

Operating equiprflent 400,000 

Power equipment, 750 lij). X $JJ0. . • 105,000 

Working capital 145,000 


Total 

Operating account : 

Materials : ^ 

Wool, 805,000 11) (7/ 50 cts 

Wastes, etc., 80,500 lb. at oO 

C'lu^micals and dyes 

Fuel (0 lb. coal j)er Ijorsepowor-liour) 
Miscellaneous 


. . $ 850,000 


$402,500 
28,080 
25,400 
;n ,250 
45,840 


Total 53:1, 070 

Service: 

Wage.s, 274 workers at $848 .. . $232,732 

Salaries, ofTicials and clerical 45,850 

Total 27^,r>H2 

Fixed charges: 

Maintenance and repairs: 

Buildings, 2 $ 1,000 

10quij)inent, including power, 4S • • • . . ■ 20,200 

Depreciation : 

Buildings, 2^'/, 1 ,000 

Kquij uncut 5*;,' 25,250 

Insurance, on $750,000 7,500 

Taxes, 1 } 2 V, on $000,000 0 , 000 

Interest, 5.5'.;. on $350,000 10,250 . 

1 


Total of fixed charges 85.000 

General expense: 

Beplacenients and betterments $ 50,000 

Spoiled material, 25,050 

Sales expen.se, 10% of sales 127,300 

General office expense 25,000 

Miscellaneous 15,000 


Total general expense 243,250 

Dividend, 10% on $500,000 50,000 

Total of operating cost $1 , 140,802 

Income from sales, 1,047,000 yd. at $1.210.*. 1 ,273,152 

Surplus $ 132,350 
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IVoccss steps lo be given consideration as the functional design 
of the plant proceeds include the following, wherein approximate 
amounts of floor space and* power are indicated*for the more 
important departments. Tfie flow of material is in the order of 
the processes as listed. ^ The building would have, normally, 
two complete floors for the active operations, fvith a basement 
for storage of raw materials. • A fourth floor above may well 
t)e provided for the final finishing process(‘s and for storage ol 
stocks ready for market . The demands of the carding machinery 
establish an economical width of building .at about 50 it., inside 
in the clear. Heating and st.eaming re(iuireryents make* lU'cessary 
a boil(‘r plant, and it is assumed that ('lect rie power will b(‘ genin*- 
ated by means of engines of medium economy, the exliaust. steam 
from which can be utilized most of the time. The i)ower j)lant 
will be a separate building. Electric motors will b(‘ us(m 1 through- 
out the plant, driving machines individually or in grouF)s, as may 
be best arranged hi the several rooms. 

Storage of wool calls for 2,500 or 3,000 s(p ft. of space', iirovided 
with means for humidity control of the air. Ende'i* a normal 
condition, w^ool contains about 14^,7, of its weight of moisture. 
If it *falls below 10%, difficulty is encountered in handling it. 
Dry wool suffers loss in carding operations, and the' tendency 
to (*le(!trify makes it hard to handle. For the' storage' room, 
the air should have a relative humidily of 00 to 70 Vf . As 
alread3'^ noted, basement space is adapted to storage, both oi 
wool and of chemicals and other niat(*rials to be employed. 

Sorting of the wool is a process of great importance. It, is to b(' 
assumed that projier care has been exercised in purchasing to 
secure a prop*'r hmgth of staple. The term “staph'” signifies 
the lengfh Qf fiber. Long-stapled wool is used for worsted yard 
and fabric, especially the coarser grades. A im^dium staple 
is used for a finer grade of w^orsted dress goods and suitings, 
and even short staples may be used for fine worsted by a f)ro(;ess 
of combing perfected by the French. In general, the short- 
stapled wool is used for plain woolen fabrics, although some' of 
the longer fibers are used. The presence; of the longer fiber in 
the main stock permits of the use of “noils,” which are recovered 
wastes caused by breakage of the long fibers during the worsted 
combing processes, and of “shoddy,” which is wool recovered 
from soft flannels and knk-goods. It has been decided that 
these w^astes will be used to the amount of 10%. The sorting 
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consists in dividing the fleeces of wool into the parts correspond- 
ing to the portions of the body of tlje sheep-*-shouldcrs and sides, 
loin and back, legs, neck, etc. Thc»wool from these parts dilTers 
materially as to length of staple ai*d as to fineness. ''Po do this 
work well, requires skill, ami also a definite program for the run 
of stock through the mill in producing the various grades of 
yarn or cloth. It calls for a well-lighted room of 500 or fiOO 
sq. ft. of floor space. 

Scouring^ bar-picking^ and carbo7iizing are stef)s in the process 
of cleaning and freeing the wool from all forms of foreign matter. 
It is necessary thair it be done thoroughly, siiuie any particles 
of such matter remaining with the fiber make lumps which are 
verj^ objectionable in both yarn and cloth. The methods and 
equipment us(h 1 are extensive and complicated in chara(*,t('r, 
requiring a space of at least 3,000 sq. ft. 

The first step is the dusting of the wool, which, as the name 
implies, removes such dirt as can be shaken out dry. A second 
object in this process is to open up the more or less matted fleece, 
so that it will go to the scouring machine in an open, or “lofty,” 
condition, favorable to the penetration of the liquor to *cvery 
part. The dust(T is a simple box, of various shapes, with a 
revolving shaker and a suction fan to carry away the dust. 

Scouring proper consists in washing the wool in liquors pre- 
f)ared to remove the grease and other impurities. There oc(;urs 
what is called “yolk,^’ consisting of true wool grease and “suint,'^ 
the dried persi)iration of tlie sheep. Aside from the mechanical 
difficulties which these substances produce, they also prevent*' 
uniform bleaching and dying. The agents most commonly UoV.d 
in the washing liquor are carbonate of soda (soda ash), soda 
and potash soaps, and ammonia. The formation of caustic 
soda or caustic potash must be carefully avoided. The potash 
soaps are preferable to soda soaps, tending less toward hardening 
the fiber. Various forms of tubs and washers with oscillating 
“rakes” to move the wool through the liquor to the carrier and 
squeeze rolls are used, but space will not be taken to des(!ribe 
them. On leaving the washers, the wool goes to dryers, where, 
in air of gradually increasing temperatures, the water is removed 
slowly, so as not to leave the fiber stiff and hard. 

The next major step is bur-picking, during which burs and 
other objects which tend to cling to the wool are removed by a 
machine, in which the active agent is a revolving cylinder with 
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curved teeth which separate out the foreign matter. While 
not all of the fine pieces can be rcTmoved in this way, the larger 
ones are, and the vegetable ^natter remaining is reduced to such 
fine form that it is disposed of in the next pro(^ess. Many types 
of mac.hincs have been devised for, this work, descriptions of 
which may be found in Imoks (jealing in detail with the subject. 

The last step in tli(^ cleansing process is that of carbonizing the 
vegetable matter remaining in the wool, already reduced to fine 
form. This is done by immersing in a sulphuric acid solution, 
usually of 4 to 4* 2 ° Be. gravity. The strength may be varied 
according to the condition of th(' wool, that mentioned being 
as strong as is ever iis(m 1 excef)t in very abnormal cases. Twenty 
to forty minutes in th(' bath is sufficient time to accomplish 
l.h(^ result desired, which is to saturate the vegetable matter 
so that, when dried, it will crumble t-o powder and be easily 
slnik(Mi out. A dry jn-ocess is sometimes used, wherein the wool 
is exposed to the fumes of hydrochloric acid for 2 or 3 hours. 
Still another pro(;ess makes use of aluminum chloride, in a 
() to 8® 1^6. solution. It has several advantages over the sulphuric 
acid process, chiefly in its being less likely to injure the fiber, 

^ and also in being less olTensive to the workers. It is also free 
from the danger of spotting the wool with iron rust, since it does 
not corrode iron with which it may come in contact. After 
rinsing and a final drying, followed by a thorough dusting, the 
wool is ready to move on its way through the fdant. It is now 
pure and clean, and, if the work has been well done, in open, 

• ‘‘lofty” form, with the fibers free from each other, ready for th(^ 
esn'ding or combing process to follow. 

Mixing of the various grades or colors that aie to be worked 
into tlu' pro*duct is the next step. This is pur(dy a mechanic^al 
matter of building up successive layers of the several ingredients, 
in proportions set for the grade of yarn to be spun, but it must be 
done skilful!}" in order that uniformity may be secured. When a 
pile of the mixture has been built up, it is taken to a machine 
called a “mixing picker.” The stock must be fed to the machine 
in such a manner as to bring the full depth, made up by the layers, 
to the action of the revolving teeth. The teeth pick off the edges 
of all the layers in uniform lots, and send the wool on through 
the machine. 

Oiling the wool is the final preliminary to carding. In the 
repeated treatments in acid and basic solutions, washing in water 



105 


FUNCTIONAL DESIGN OF THE ENTERPRISE 

« f 

not always soft, and drying, the fiber is almost sure to become 
hard and slightly brittle. If left in this condition, the severe 
action of the*card would be lik(dy*t^ break the fibers and the wool 
would not work smoothly throuy;h the forming and twisting 

procuisses. Ek^ctrical action would also be troublesome. To 

® * 

avoid all this, th(^ wool is given a light, application of oil, by a 
si)rinkling system in connection with the picker. The best 
results are obtaiiK'd with olive oil, l)ut., on account, of the expense, 
lard oil is used more generally. Oleine is anotlKU* lubricant used 
quite extensively. Four to five quarts of lard oil per 100 lb. of 
wool give satisfa^'to^y results. 

The llooi; space n^ejuired for th(‘ mixing and oiling is not large*, 
[)erh?ips 800 to 1,000 sq. ft.. 

Carding is, in some respects, tlu^ most significant of)eration. 
As befoie noted, it is the determining proci\ss in mill capacity. 
The aim is to arrange the fibers into a continuous ril)l)on, called 
“roving.” For woolens, the fibers an* k^ft ‘crisscrossed in all 
diiections. Enough of the longi*r staples must be us(*d to give 
strength, and these will be found to extend lengthwise in gemu-al 
position. 'I'lie short(*r stock fills in among them. For worsteds, 
the process is quite different, and is called “combing,” the aim 
being to arrange the fibers of the longer slock in parallel positions, 
so that the subseqiu*nt spinning gives a linn yarn. 

A set of cards consists of three machines, set in tandem, called 
the “first breaker,” “second breaker,” and “finisher,” respec- 
tively. When the roving comes from the finislun* it goes through 
a “(condenser,” being there changed from a flat ribbon to a roiimU 
soft cv)rd, and thence to the balling machine, where it is made 
r(*ady for transfer to the spinning room. , 

(\ards vary in width of the main roll from 3(1 toHlO in., 48 in. 
b(4ng a standard size*. This is the clear width through which the 
wool ])ass(*s. 14i(* diamet(*r of the roll is about the same as th(* 

width, and it is driv(*n at a rate to give a surface speed of 1,000 
to 1,200 ft. per minute. The length of a complete set is from 42 
to 44 ft., and over-all width 7 to 8 ft. A six-set mill will, there- 
fore*, require a joom 50 by 00 to 70 ft., the caids being s(*t cross- 
wise. (Vmdemsers and balling machines will increase the length 
l)y a few feet. The weight of a set is from 15,000 to 20,000 
lb. The total power used in the card room will be nearly 90 hp, 
Tw^o well-knowui makes of cards ai^ the Smith and the Forhush. 
The Torrance balling machine is a much used make. 
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Spinning involves two major operations. The roving from the 
cards, containing soipe surplus material, must be drawn out so as 
to leave the exact amount lV)f the size of yarn desired. This 
must be done before it has been given more than a very small 
amount of twist, so that th(» fiWrs will move easily on each other. 
A slight twist helps to give a uniform degree of (jxtension, and 
h(‘nce smooth yarn. The s(‘con(l step is the t rue spinning i)rocess, 
where the twist is given to convert the material into yarn. In 
this final condition the serrated surface's of the fibers cause the' 
proper amount of resistance to prevent 'unwinding. Finally, 
the yarn is wound on bobbins and give'n the final pre'paratioii for 
w('aving. 

The machine? on which these? succe'ssive' actions are performeel is 
calleel a ‘^mule.” The differences in the proce'sses of preparing 
wool and ce)i ton are most marked at this stage', the hanelling of 
cotton being much more complex. The mule used in spinning 
wool Carrie's the s^)indle's on a traveling carriage, which me)ves 
back and feu’th, fijst drawing out the re)ving, twisting it, anel the'ii 
winding up the yarn on the rectum. No attempt is made here t-e) 
describe the mechanism, full eletails being give'n in the reference's 
mentioned. 

* The capacity of a mule is designated by the numbe'r e)f spinelles. 
Standard sizes range from 120 to 400 si)indles. The' mill be'ing 
eiemsidereel will require approximately 4,000 spinelles, so the' nee'el 
will be met by using 10 of the largest size, or, perhaps better, 
fourteen 300-spindle mules, which would give a small margin of 
^capacity. The latter size requires about 4 hp., making the* 
pqjjver demand in the room about 00 hp. The s|)i lining room 
is nearly ^s large* as the card room, each mule re?quiring at least 
120 sq. ft. oft'floor space. 

Several adelitional machines are required feir jireparing the 
woolen w^arp for the weaving proc(?ss. This involves speioling, 
dressing, beaming, and drawing in and reeding. The machines 
are known by the first three of these names, th(' others being 
largely hand processes. 

Weaving calls for another special form of machinery, and will 
call for the largest room in the mill. The Crompton and Knowles 
loom is a standard make, and no description will be given. There 
will be required (>4 standard looms, each of a capacity of 1,000 
lin. yd. of 55-in. cloth per month. The space required is about 
45 sq. ft. per loom, to which must be added a considerable area 
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for passages. A room 50 by 80 ft. will be needed. The power 
is hp. per loom, or 224 hp. • 

Finishing of the cloth after it con 4 es from the looms is the final 
step. This consists of the followiryi;: 

• 

1 . Inspecitiomand minor repairing of broken threads. 

2. Fulling with water and alkali soaps, and shrinking. 

3. Itolling in machine with regulating device to bring the cloth 
to uniform width. 

4t Drying. 

5. Shearing nap to standard length. 

(). Rolling, measuring, etc. 

« 

These processes reejuiro a fair-sized room, perhaps 50 ft. square, 
and a few small mot.ors. 

Standard reference books for a more complete study of the entin*. 
woolen industry are: Rogers’ “Industrial Chemistry” (Van 
Nostrand) “International Library of Technology” (International 
"J\^xtbook Companj’^, Scranton, Pa.). 

COTTON GOODS 

Cotton goods manufactures constitute one of the standard 
industri(‘s of t he country. It was the earliest in point of time to 
utilize mechanical power in organized factories, and around it 
has been waged the war between capitalized power and human 
workers for a century and a half. It has been characterized ])y 
chilli labor from the beginning. The evolution of the industry* 
outlines a serial story of human relations in industry thatjs 
without parallel, and probably without end. The present child 
labor movement in the United States holds this aiHlvity as its 
major objective. While close margins and the character of the 
work called for at. several stages in the process have always 
constituted an incentive to the hiring of the cheapest labor, 
which is child labor, it is undoubtedly true that we have here 
an illustration of the binding power of habit and tradition in 
industry. ( Jenerations of mill owners, frequently in actual 
family succession, have hold to an indetensible doctrine based 
on the mythical, happy family that works, grandfather to six- 
year-old infant, in the mill, thereby gaining a considerable income 
in total. Of course the limits hav(! been clipped, but tradition 
remains. The fallacy becomes apparent through the reflex 
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effect on the price of cotton goods, which, set at a low figure, 
made possible in tUe age of competition by this type of labor, 
created a tradition in the purchasing public just as hard to eradi- 
cate, and persisting to trouble operators in these later years when 
they may honestly wish to (change labor conditions. 

These commt‘nts, seemingly out of order in this* chapter, are not 
without point for th(' man who is determining the major charac- 
teristics of design. A plant for such an industry is influenced 
by established practice — not that cramped quarters will be 
allowed because old plants had cramped* quarters -but, wlum 
labor is cheap, plants are not ecjuif)f)ed to siif/c labor in the sani(‘ 
degree as might otherwise be done. With much unintelligent 
labor th(^re must be minute subdivision of tiisks and a force of 
overseers in large i)roportion. Care must l)e taken to safeguard 
the workers from injury. There is a sharply defined unit basis 
in the steps and subst('ps of th(‘ process, which influences arrange- 
ment of spac(\ In si)itc of a numerous and relatively low-grade 
working force, it is n, highly comph'x and technic^al industry, 
calling for high qualities of skill in many positions. It is a high- 
l)ower industry, calling thus for the most econoniicail types of 
generating and transmission eciuipmenl when wat-iu* power is not 
available. 

The detail(Ml outline is omitted. Many of the steps corre- 
spond to the woolen-mill processes, and, for these, th(^ figure's foi- 
wool would apply. But there are im[)ortant difien'iices. The 
cotton fiber is much shorter than wool and demands more carcjful 
• handling. There is less scouring, because cotton is e^hian, 
oiyjanically. The spinning process is much more' ('xtended with 
successive drawing and twisting machine's, e)r “frames,’^ as they 
are callcel, to bring the thre'ael to line'ncss. The elyeing is a 
larger factor. 

(For machinery descriptions sec ^Mnternatie)nal Library of 
Technolog3^”) 
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DESIGN OF JHE PLANT 

''Flic distinguishing^ characteristic of niodorn industry is the 
substitution of systematic jnethods for the trial-and-crror 
methods of earlier days. Growth has Ix'en from within, outward, 
in th(i main — or at* least it w^as so until comparatively recent 
years. It was not until demonstrations were made, showing the 
extent to which production could be increased and unit costs 
lessened by the application of scientific methods to the prol)lems 
of internal administration, that it was realized that the layout 
of equipment and the facilities for handling tools and material 
played a distinct part in production. Not until then was the fact 
('stablished, likewise', that the effectiveness of human effort is 
influenced by environment and systematic routine, in a degree 
such as to make profitalde the most careful st udy of conditions 
under which work is l)cing performed. 

At the same time that the point of view in respect to these 
matters has been changing, there has lieen going on a transition 
in other lines. Industrial activity has taken on different aspects. 
lOstablishments have increasi'd steadily in size, thereby making 
changes in the economics of prodm^tion. It. has come to pass 
that the investor and managing owner find it necessary to do* 
business on a, scale commensurate with that on wdiich otbvs 
are operating if th(*y can hope to succeed. They must Iwiow w^hat 
investnuuits are warranted by the extent of liusines?; available to 
them, and wdiat methods are being found suited to their projects. 
It may be said that in manufacturing w^e have approached a 
point of diminishing returns, so that margins on units of product 
must be accepted on a level such that economies unrealized in the 
past arc necessary to insure attractive dividends. It is not 
economy of the specious sort, but a broad-gage policy of making 
proper investments in ways that are sound. 

This is but one w^ay of saying that it is the industry that is 
designed. The plant” is more than buildings and process 
equipment. To produce these details is a step that has been 
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taken by engineers most successfully — trained specialists who 
have perfected machpes and constnuction methods to a marvelous 
degree of excellence. The iilrfustry of the present* day extends 
even beyond that scope. It is the entire complex organism that 
takes the raw material aVid delivers the finished article to the 
consumer. * * 

The editors of the Annals* of the American Academj'^ of 
Political and Social Science, in the foreword of i(.s issue for 
September, 1919, devoted to ^'Modern Manufacturing,” give 
a description of a standard industrial plant in the following words: 

Its buildings sliould })c designed for economy of*oj)enition, surroundc'd 
by ample, well-kept grounds, located in an oi)en section of . a community 
of moderate size, having both good government and good schools, 
adequate transportation facilities, convenient sii])pli«‘S of raw mab'rial, 
and rc'asonable accessibility to mark('ts. 

The main object of the management should b(‘ to s(‘cure the gr(*atest 
possible i)roduction* compatible with tlu' higlu'st well-being of the 
workers. The nu'aiis to this end will be modcTii e(iuipm(‘nt and scientific 
management, invohing an intensive study of everj" jn'oeess, the sdection 
and training of the workers and such organization of th(‘ workers as 
will insure maintenance* of standard })ractic(*. Both a low labor turn- 
,()ver and the assurance of continuous (*rnployment are essential. 

The selling policy should provide for full and fair d('scrij)tion of goods 
with prices based on cost plus the smalh'st margin consistent with 
continued prosperity — costs to be d(‘termined by a system in which 
approximate allocations of overhead are* reduced to a minimum. Sah's 
in an unnatural market and of useless articles are to be discouraged. 

. The proi)erty interests must a.ssume n'sponsibility for providing- 
adequate cajntal, to be represented by bonds and cumulative prdern'd 
stock having proper relations to fair vahu* and bearing naisonable inter- 
est rates, Jind sfumld accept the theory that unproductive capital is not 
entitled to a return any more than idle labor is entitled to a wage* . . 

This conception of industry is on a high ethical plane. In an 
ever increasing degree successful producers are rising to it, 
however, and it is not too much to expect that the spirit therein 
indicated will become reasonably manifest among the enterprises 
which will typify the industry of tomorrow. This will be true 
because it is sound business policy. It is a sane basis on which 
the designer of an industry may evstablish his w^ork. 

The preceding (ihaptens have been prepared as an outline for a 
designer of industry. One who is to perform this function must 
know the general principles on which manufacturing is based. 
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He must have a fair knowlecigc of the history of inefustrial 
development. He must knaw his inarkej. and the methods 
of estimating its absorbing po^Sr. He must appreciate the 
importance and influence of transportation, and the reflex effects 
of many industries ndated to his own* He must consider well 
the problems oi* location in* their bearing on the great factor of 
distribution. He must have intffnate knowledge of manufactur- 
ing processes and of equipment. He must be aVjle to make 
reliable analyses of an industry and estimates of investments and 
operating expenses. -Otherwise, he is an unsafe advisc^r to 
clients whos(^ invcisi^^d funds an^ entrusted to an enterf)rise for 
the success of which he is to become in large part responsible. 
To devise and plan producing plants that will imu't the tests of 
operatif)n, conforming to all theses demands and conditions, is 
creative industrial engineering. 

The stage has now been reachc^d where concrete* expression is 
to be given to the ideas wdiich have been de\^*loping gradually. 
The plant is to be giviui form; equipment is to be sidected: 
oi>erating methods are to be* foreseen and provided for. In 
doing this, the following phases of the w’ork are to be undertaken : 

1. Determine the e(pii])ment needs of the (uiterprise and the 
actual floor sf)ace re(piir(‘d. This calls for an exact, detailed * 
study of the i)rocess and the listing of all iUuus ot equiimient 
that will be reciulred. It im^ludes not alone* the main process 
machines, but as well the auxiliary small tool (*quipment, i)ower 
apparatus, applian(u*s for handling materials, tool making outfit, 
special api)liances for storing small tools and stock, laboratory^ 
VLVxl other apparatus for r(*search and ins[)e(*tion servi(;e, designing 
and drafting offie^e e(]ui[)ment, and all other species of plant 
e(|uipment demanded for effective operation, l^xact specifica- 
tion of types, sizes, capacity, and, sometimes, of make must be 
])repan*d. From such a list, when fully adjusted to the enterprise, 
ord(*rs for equipment may be prepared and layout, plans drawui. 

The determination (if floor space calls for fully developed rout- 
ing plans. This ni(*ans that studies must l)e made of the flow 
of material through the plant, piece by i)ie(^e. The division into 
rooms depends partly on process demands, and partly on condi- 
tions (’iontribiiting to good administrative control. 

2. Formulate an adecpiate administrative plan. This has 
bearing upon subdivision of the plant into the rooms noted in 
the [preceding section. A central planning department in the 
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organization also has an influence on space design and the layout 
of equiinnent, the tpol room, etc. The plan to be followed in 
job analysis, task setting, inj^ctuction card wu’iting, and material 
control calls for consideration. While these statements are 
made in terms reierring' to machine manufacturing processes, 
there an^ counterparts in otla^r tyfies of plants, a'lthough in many 
cases establish(*d methods are so closely determined by proc(^ss 
conditions that there is small charn^e for variation. Such condi- 
tions must l)(‘ observed. 

f3. Select the local site. Location of the -plant in the local semse 
can be settled wisely only after full considera^ ion of many factors. 
The city jdanning systcjn may indicate the district that is open 
for (enterprises of th(‘ sort, in question, but even then tliero is some 
latitude. Questions at issue will imtlude accessibility to rail- 
way lines, local traffic facilities, r(esidence districts for workers, 
water supidy, sewage lines, conv(eni(‘nce in disposal of an^" esp(‘- 
cially obnoxious \yastes, and land values. 

4. Auxiliary scrvdcc demands. Several inattcejs call for con- 
sideration before the final decisions can be imide as to the amount 
of land rocpiired and iMv grouping of buildings. Among th(esc 
arc : 


a. (iciueral offices — whether a separate luiilding at the ])lant, 
rooms in the jdant, or in the business district of the town. 
h. Hospital facilities for iirst-aid treatment of injuri(\K. 
e. llooms for th(' comfort and wedfare of emi)loyees, sucdi as 
Junch rooms, nuK'ting rooms for voluntojer organizations and 
activities, educational facrilitms, and other interests, according to 
the policy of the administration. 

cL l^arkkig space for automobik's and Incycles. 
c. Outdoor recnvition space, athletic grounds, (dc. 

5. IX'sign the buildings. WJiile ihv final stages of building 
design may be placed in the charge of an architect, fhcTc an* man}' 
details which the designing industrial (mgin('(.*r must setth'. 
The preliminary jdans, on which cost estimate's may be based, 
must be made to determine api)roximat(* investmemt that will 
be demanded by the project. The first t,entativ(i plan is bound 
to come up for a serious study of the possibiliti(*s for saving in 
various ways, even to the extent of modifying operating methods 
or the volume of business. If it is a machine luiilding plant, 
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for example, it may prove desirable to buy castings rather than 
invest in a foundry. In many /aspects dianges may become 
necessary. All such contingencies wnust be gone over carefully 
to make sure of adapting the pla»t tp demands, and securing 
the best possibly; combinations. 

Matters to be considered include: 

а. Adapting buildings to future growth. Later extensions 
must be considered, which may mean adopting some form of 
unit construction or kn arrangement such that new buildings 
may be added in a wJy to fit into an enlarged production ])rogram. 

б. Selection of tyfie of const rii(;tion. In doing this an ex- 
tended knowledge of the best current practice in building modern 
factory buildings is necessary. Points invc'lved are materials of 
side walls, type of roof, division of intc'rior into bays according 
to service possibilities, window lighting scheme, etc. 

c. Floor material, consid(‘r(‘d with reference io service 
requirements and comfort of workers. 

d. Number of floors, working galleries, etc. 

(\ Nec(^ssity of providing supports for traveling cranes and 
shafting. 

/. Fir(‘ hazard and fa.(;ilities for safeguarding against same. 

(/. Vimtilating andheating, air conditioning, running ol service 
steam, water, and gas lines. 

A. Artificial lighting system and distribution of power. 

i. Special procress demands, as for drying, cooking, steaming, 
washing, etc., calling for segregation. 

The study of these structual elements requires the diiawing of 
sketch plans, and making preliminary calculations for structural 
weights. This calls for an analysis of roofs with sufficient accu- 
racy t ;0 (establish general dimensions. On the floor plans the rout- 
ing system for materials should be traced in its main outlines and 
the principal machines located accurately. Ileasonable allow- 
ances must, be made for working and handling space, and for set- 
ting minor tools wdiich might be overlooked in the most careful 
advance planning of operating needs. 

There follows a more detailed discussion of these several 
divisions of the work, pertaining mainly to machine building or 
other metal goods manufacture. This is for illustration only, to 
show methods rather than fully developed problems. 
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THE DETAILED ANALYSIS OF PROCESS 

• ^ • 

This will include the elements listed under parts (1) and (2) 
above, since the determination of space requirements involves 
study of process methods, cquipmciiit, routing, qnd the adminis- 
trative plan, simultaneously. , It covers production from the 
receiving platform to the shipjiing platform, but not the general 
administrative offices, designing room, or the auxiliary service 
portions indicated in (4). 

It is here that the technical knowledge of the designer is 
paramount. If the plant is to be one for the manufacture of 
machinery or any form of metal goods, he will find it necessary 
to know' shop processes intimately. Machine tools have been 
developed to a high degree of perfection, and, especially in 
recent years, many refinements in methods and adaptations of 
tools to special work have revolutionized shop practices. A 
succcs.sful plant designer must be acquainted with all this, as 
well as with the tool market. The follow’ing illust, rations serve 
to show just what is «lemanded. A few individual pieces will 
be cited but no attempt, made here to follow' out an analysis for a 
complete machine. Such an at tempt would extend the disc»i.ssion 
far beyond the scope of the pn^sent volume. 

A, Lathe Bed. — Mat,erial, cast iron. May be cast, in coinpany 
foundry or purchased. Tracfice of leading manufacturers of 
lathes differs. In either cas<j the casting is assumed to have 
been well cleaned and made ready for machining. 

' First machining process — planing : first, bottom side of bed; 
second, rough planing of top of bed, top and sides of V-grooves; 
third, finish planing of top complete. Extremely accurate w'ork 
on lining of *t)cds on the planer is necessary, often jMjrformed by a 
trained specialist other than the operators of the planers. This 
calls for additional planers on which work is being laid out while 
others are in operation. 

Planers are selected according to size of work. If the plant 
is to turn out a general line of lathes, long beds must be provided 
for. It may be best practice to use a stated maximum length in 
a single piece, building the extremely long beds in sections to be 
bolted together. This calls for extra steps in machining the 
connecting ends. Short beds of uniform size arc commonly set 
in tandem on planer beds of' large size, thus economizing time of 
planing operation. I'lic number of planers is determined from 
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data as to the quantity of output and the time required for the 
several process steps. . ^ 

Second mafin machining process'— drilling for bolted connec- 
tions. Performed on radial drills. 

Third step — fitting of legs. 

Fourth step (Visually on the assembly floor) — hand scraping of 
the ways and upper finished surfS^ccs. 

The gcru'ral assembly then proc^eeds in usual routine. This 
condition calls for a generous allowance for the assembly area. 
It should be noted that in lathe building the practice is followed 
of manufacturing siyall parts to a finished-parts stockroom, from 
whicli are issued the units, singly or partly assembled, to the main 
assembly floor. This modifies the arrangement of manufacturing 
spac(', in that the movermuit of many of the smaller pieces is 
adjusted with reference to the finished-parts storeroom. Another 
advantage gained is that small-parts production does not have 
to be r(‘gulated exactly to orders for finished lathes. Parts are 
drawn from stock as lUM'ded at the general assembly. Storeroom 
stock is n'plcnished on shop orders in i)roduction lots, thus 
keeping a good fraction of the plant oj)erating on a quantity 
basis. 



B. A uUnnobile Engine Crankshaft, —This is an example of an 
elaborate study of operations, for which we are indebted to the 
magazine Machinery. It represents a more complete analysis 
than may b(' possible when only advance planning of equipment 
is the aim, but it represents the ultimate purpose which it is 
desirable to api)roximate. The names of builders of the machine 
tools used are given exactly as in the magazine article, a detail 
not always necessary in the preliminary design of plant layout. 
Some of these tools are specially adapted to this service. As a 
necessary adjunct to the understanding of the analysis, a drawing 
of the crankshaft is shown. The process begins with the rough 
forging as received at the machine shop. 
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(7. Piston for Automobile Motor. — This represents the pl*actice 
in a well-known company, aqd will apply ^for similar work in 
many engine i)uilding plants. 


Opeuation 

1. Hough inspection of forging., 

2. Rough turn ou1>si(le diameter, face 

the enclosed end, and rougli turn 
tlie ring grooves. 

3. Rough 1)0 re the open end and face 

to length. 

4. Rough drill wrist p)in holes. 

5. Heat treat to remove machining 

stresses. 

C. Sand blasf inside. 

7. Ririish bore and face the op)eri end 

and recenter the closed end. 

8. Finisli turn outside diameter and 

ring grooves, face closed end. 

9. Recenter the oj)en end. 

10. Rough grind outside diameter. 

11. Rough and finish bore and ream 

wristpin hole. 

12. Hand ream wristj)in hole. 

13. Face wristpin bosses. 

14. Mill oil-grooves in wristpin holes. 
(This sometimes done by broach- 
ing.) 

15. Grind clearance on sides of 

cylindtir. 

16. Drill oil holes from lower ring 

fgroove diagonally to wristpin 
hole groove. (In some pistons 
thi.s ring groove is cliarnfenMl on 
lower side to receive oil.) 

17. Hand-ream wristpin hole to remove 

burrs. 

18. Finish grind outside diameter. 

19. Inspect. 


• ^Type ok J'Iquipment Used 


Gridley automatic. 

F.ay automatic. 

Special Hoefer drilling machine. 

Gas or oil furnace. 

l^inghorn sand-blasting machine. 

Fay automatic. 

Fay automatic. 

Sfiecial center-grinding machine. 
Fitchburg grinder. 

AN’arncr and Swasey hand screw 
machine. 

Bench. • 

Whitney hand-milling machine. 
Sipp drilling machine with National 
oil-grooving tool. 

Norton cam-grinding maclune. 

Avey sensitive drilling machine. 
Sjiecial fixture required. 


Bench. 

Norton grinding machine. 
Bench. 


D. Operations in Manufacture of Drop-forged Tools. — The data 
apply to small parts of drop-forged tools which can be handled 
in quantities. Certain special processes, such as knurling 
handles, will introduce variations, and heat treatment will like- 
wise vary with the use to which the tool is put. 

Making of the dies is really a separate process, calling for 
equipment consisting of vertical mills, shapers, and planers. 
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Specially designed dic-siiiking machines arc available. Material 
used for dies includes high-carbon steel and chrome nickel steel. 
The process is called ‘‘die-sinking.'' Dies are hardened in 
furnac(*s so constructed as id be adai)ted to handling heav}^ Idocks 
and in appropriate quenching tanks. 


()j)orations on tool 
material 


'' I 

Equipment use<l Daily on timt per worker 


Foigins . . Board drop hammers of 1,500 to 2,500, aeeordiiig 

ea])aeity SOO to 2,000 , to size and complexity 
11). S i‘ V e r a 1 makes of foiginy;. 
available. (Furnaces 
for heating provided at 
each hamnu'r, com- 
m o n 1 y oil-burning; 
j several makes avail- 
able; slock eut to about 
7>ft. lengths, calling 
for stoiik cutters.) 

Trimming, to cut away Pattern presses, “8tiles" '1, 000 to 4,500. 
the “fin” of steel forced type commonly used: 
out between die blocks, various makes. 

(Punching, if called for, 
may be done at same 
time.) 

Annealing, if required... Furnaces of common 
1 pattern. 

Pickling, to remove ' Vats of sulphuric acid. | Fnlimited. 
scale 

^4achining steps, dril- ('oniinon forms of ma-, Variable — may be 800 to 
ling, slotting, milling,' chine tools as suggested ' 8,000. 
broaching, qjunching, i by the stepvS required, 
etc. 

Making small pins, Automatic screws ina- 800 -4, (KK). 


bolts, etc. chines, various makes. 

Fitting and assembling . , liench. 

C/arbonizing : Furnaces with carbon- : Ibilimited. 

bearing material. 

Grinding, polishing. Grinders and special i 
buffing, plating. i “jacks,” plating tanks. 


E. Die-casting Plant . — Another interesting metal products 
industry is that of die-casting, for turning out relatively small 
articles in various metals and alloys. White metal, brass, and 
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aluminum and aluminum alloys figure largely as metals! The 
products vary largely in type, many autonjobile and aeroplane 
parts being iilade from the light-^(?j|ght alloys. The business of 
casting such articles is becoming an extensive one. 

The accompanying figure shows a typical plant layout for 
miscellaneous gobds of this efiaracter. The most important parts 



of th(^ working space are devoted to the casting and melting 
processes, cleaning of the castings, and the machine shop and tool 
i*oom, devoted mainly to the making of the dies. Die-casting 
machines are used almost exclusively, 125 being installed in this 
plant. Compress(Ml air is employed extensively, both for forcing 
the metal into th(* dies and for operating the machines. 

The front section of the building .has a second floor accommo- 
dating the general offices and designing rooms. The remainder 
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PROPOSED PLANT rOR BUILDING 5MALL GASOUNE ENGINES 

Fio. 4 — Design for engine building plant. 
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is one-story, with saw-tooth roof. (For further descriptions of 
this plant th^ reader is referred! iQ Machinery for October, 1919, 
to which magazine the author is irWebted for the illustration.) 

F. Small Engine Building Planf . — The second plant layout, 
Fig. 4, is a n^^w design for a hypothetical establishment for 
building a simple type of smalUgas engine. The designer has 
followed through the prescribed methods of analyzing the process 
steps in making each individual part of the engine, and has 
developed a routing i)lan that is shown clearly in the drawing. 
As drawn, the plant is divided into four separate buildings with 
covered connecting* passages. This was done to give sidewall 
lighting. A somewhat more compact arrangement would be to 
throw the space into one large building with saw-tooth roof, 
similar to that used in the die-casting plant of the preceding 
illustration. This design was developed by a s(mior mechanical 
engineering studc'iit in regular class work, luii'ely as a routine 
exercise, under the direction of the author. 

The foregoing notes and illustrations give tlu' g<meral outlines 
for the proc(‘ss of designing the physical i)lant in respect to 
process needs, in the field of metal products. The importance 
of the routing diagram is readily apparent. Stock-receiving and • 
finished-goods shipping facilities, with reference to transportation 
lines, are matters pressing e(iually on the attention of the designer. 
Measures taken for placing the tool room and shop administrative* 
office so as to secure direct contact with the operating depart- 
ments are indicated in the illustrations. In the successful han- 
dling of these questions lies the opportunity of the designing* 
industrial engineer to establish the basis of economic production 
The ultimate aim is not realized in this alone, becausc^thc^mprove- 
ment of operating methods is a never-ending process of develop- 
ment, predicated on studies of processes which cannot be 
completed until the plant is in service, with all tools and machines 
running. But the initial plan, if well made, forms the ground- 
work for a truly effective system of operation — economical 
because effective. It is basic to low-cost production, because 
it is the one and only method whereby original investments may 
be adjusted correctly to the actual needs of the enterprise, thus 
enabling the management to plan consistently and adequately in 
matters of finance. 

Similar studies are applicable in plants for furniture, leather 
goods, men's hats, tobacco goods, and others wjierein workers 
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handli' Ihti materials, and, the processes under their control, 
determine both amount and*, (quality of output, f For another 
group of industries, in whiefn materials follow paths fixed abso- 
lutely by equipment, and workers are dominated by equipment 
characteristics, a somewhat different proeedui»? is demanded. 
Such industries comprises most* of those in the second and third 
groups listed in C-hapbu- I. One of these will now be considered 
in detail. 


COTTON GOODS MANUFACTURING 

( 

In the preceding chapter, woolen goods production, rather 
than cotton, was considered as to |)roc(‘ss, so that in the present 
connection some terms will Ix^ uscmI which liave not been defined. 
While all the t(^xtil(\s are similar in their producing characteris- 
tics, each branch, has its peculiar noinen(*latiire. It is not the 
thought to give Ikuh* an adequate treatm(U)t of cotton mill 
design, on whic^h engineers might proce(^d to lay out mills of 
varying types, but ratlu'r to illustrate the form of study of mill 
eciuiinnent that is necx^ssarily made in order to secure a cocirdi- 
natixl mill outfit that wall operate in effective manner in industries 
wherein material follows the strict demands of i)roc(‘Ss (upiipment, 
and output is determined solely by that e(|uif)mcnt. 

The main outlines of this treatment of the subject, are borrowed 
from the ‘‘International Library of Technology,” Volume 7S, 
from w^hich are taken directly the illustrations of mill machinery 
layout given in hlgs. 5 and 6, through tin? courtesy of the 
Tlublish(‘rs of that valuable s(‘ries of w^orks. 

No atVenjpt is made to give details of methods, nor the fine 
distinctions in the machines fitted for the production of th(' 
various types and grades of yarn. Inhere are intricacies of 
process all the way through, from the first (warding and combing 
steps on, past the several kinds of spinning and drawing machin- 
ery, to the weaving. A plant designer must be familiar with 
these various processes befon* he can make sc^lections of ecpiip- 
ment with accuracy. To discuss these many phases of th(‘ work 
would require several volumes. The varieties of yarns in the 
cotton branch alone are numbered by hundrcxls — even thousands 
when all classes are included. Some of these are distinguished 
only by the number of twists per inch given in the spinning, 
but this]J[diffQrerjce is accomplished through the specification 
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I'la. 5. — Machine layout for Totton mill, first floor. 
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on which the machines are built. This is a technical difference 
with which qnly the experienced specialist dhn deal. 

The problem may be stated thiJs: It is proposed to build a 
mill for the spinning and weaving of cotton goods of the medium- 
weight class, kn 4 )wn as “print cloth,” weighing 4 yd. to the pound, 
39 in. in width, made up from ^irarp yarn No. 28 and filler No. 
36. This kind of cloth is made in great quantity. Further 
specification is that the cloth shall be of 72 slcy and 80 picks to the 
inch, the reference being to the number of threads of warp and 
filler respectively. The capacity will be taken at 1 0,000 spindles 
in the spinning roonl. 

The weight of yarn produced per spindle varies with the 
number of the yarn and the twist. For warp No. 28, with 25.13 
twists per inch, the output is 0.244 lb. per spindle. For filler 
No. 30, with 19.5 twists per inch, the output is 0.194 lb. For 
5,000 spindles for each, the output will be ^,190 lb. per day. 
The division between t,he two j-^arns, on the basis of an equal 
number of spindles employed, is sufficiently close to the weights 
of the two as they enter into the fabric to make finer calculations 
unnecessary. For a O-day w('ek, allowing for 10% loss» 5 in 
the carding and .5 in the pickers, it is found that the weight of 
cotton to be handled by the bresiker picker is 14,559 lb., and that 
by the finisher picker 13,832 lb. per week. Allowing for a 10% 
increase in the weight ot the warp for sizing, we have 0.244 X 
5,000 X 1.10 X 6 = 8,050 lb. to bo woven. The weight of 
filler is 0.194 X 5,000 X 6 = 5,820 lb. The total is 13,872 lb. 
of cloth, or, at 4 yd. to the pound, 55,488 yd. 

It is now necessary to find the number of machines of each 
the .several kinds used. This calls for accurate information as 
to the capacity of st andard makes of machines, l^or example, 
a standard loom operating at 80 picks to the intdi will produce 
208.125 yd. per week, calling, therefore, for 266 looms in the 
mill. In the initial process, where bales of cotton are broken 
and the cotton made ready for the picking process, a single 
machine has a capacity greater than is recpiired. The single 
breaker would be taken as it is built by the manufacturer, even 
t, hough it has surplus capacity, rather than have a special size 
built. Thus i.t happens at several steps that the plant will 
have surplus capacity where fractional numbers of machines, 
when taken at exact capacity, are found to be sufficient. Tables 
and other data are lurnished in the volume of the “ International 
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Library” above referred to, showing exactly how each step is 
provided for. Further detail? .wilf not be cited, bqt the reader 
who is interested in this class* of design is referred to that or some 
similar work. The data tlien^^given were according to conditions 
several years ago, and so are suliject ito revision. , The following 
table carries the full list of maciunes which would be m^eded to 
eejuip the mill. With t hem isincluded certain auxiliary apparat us 
for handling material and adjusting process equipment. 


1 Bale lu‘(‘aker and conve^ying 
apron. 

1 Automatic feed(»r and 
opener. 

1 Breaker picket, two sections. 
Cleaning and connecting trunk. 
1 Intermediate' picker. 

1 Finishc'r picker. 

J7 Revolving flat cards. 

2 Card-grinding dead rolls. 

2 ( ' a.r d-g rinding t ra ve'rse 

rolls. 

2 Stripping rolls. 

1 Machine for clothing cards. 

1 Flat grinding machine'. 

First drawing, 1 frame, 2 heads, 
0 elelive^rie's each. 

'Second drawing, 1 frame, 2 
■^hcads, 6 de'.l ivories e'ach. 


''rhird drawing, 1 frame, 2 
heaels,t) e\e'livcrie's each. 

2 72-spindle slubbers. 

5 9()-spindle intermediate's. 

14 LlG-spinelle roving frames. 
*18 20S-spin(llej spinning frames. 
1 Baneling machine. 

4 lOO-spinellc spoolers. 

T) Warpers with e*reels. 

20 Sectie)n beams. 

1 Slasher. 

1 Ke'ttle with em'rhe^ad track, 
le3r sizing warp. 

4 J)rawing-in frame's. 

2()G J.e)oins. 

I Sewing and re)Iling macliiue. 
1 Cloth l)rushe'r. 

1 Cloth fe^lde'r. 

1 Baling [)re?ss. 


Figures 5 aiul 0 show the arrangeme*nt of these' machines on 
the twe) floors of a building adapteel te) the t)usine\ss according to 
estaldished practices in ea)tton mill planning several years age). 
Latc'r practice would provide somewhat me)re generous working 
space are)unel the machines, \vith more' attention to lighting. 
A narrower buileling pre)vide^s better ventilation as well as sielewall 
lighting. This we)uld call for eithe'r a third floe)r or a eloublc 
buileling arrangement, the latter making it i)e)ssible to separate 
the e^quipment used for the warp anel filler through the roving, 
si)inning, and spooling e)perations and pre)viding for better 
supervision. Powe^r gemeTatihg and application methods have 
also unelergone^ changes, with the* rne^re extcneled use of electric 
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motors. The plans shown give a good idea of space requirements, 
from which pther layouts coufd devised. * 

The method of procedure here outlined for cotton mill analysis 
is representative of what must bft dqne in planning for a great 
many industri4's. Balanc^^ in machine capacities in the several 
process st(»ps is a prime element. Accurate work at this point 
is essential in securing smooth operation and a minimum of 
investment. 


INFLUENCE OF MANAGEMENT SYSTEM 

As before noted, the form of administrative* plan has an influ-, 
ence on tlift layout of rooms and e(iuii)men(. The characteristics 
of management methods referred to are: 

A closely drawn system of instructing workmen as to 
methods of operating t he machiiH*.s, with specified cuts, feeds, 
and speeds, standardized tools, and a fomplete plan of 
instruction card writing; as opposeel to the older plan of 
l(*aving much to individual workmen. 

DivisioTi of th(‘ force into specializ(*d groups with pang 
bosses carrying most of the responsibility a feature of the 
first alternative noted above*, although not necessarily with a 
general shop plan for specifying exact, methods of work. 

A system of keeping production records and other statisti- 
cal data in accordance* with the se*ve*ral divisie)ns of the 
pre)ce*,ss we)rk. 

The stockre)e)m system with resj)ee!t to the storage, issue, 
anel fe)lle)vv-up e)f material, affect ing principally the size and , 
arrange*ment e)f the re)e)m. ^ 

Syste*m e)f checking workers in anel out of the pkint, affect- 
ing the le)cating e)f entrane*e*s anel exits, locker and wash 
re)e)ms. 

'Phe plan e)f we)rk with re'spect to movement of finishe*el 
parts, whether diree*t te) the assembly or to a finished-i)arts 
ste)rere)e)m on large pre)eluctie)n orele*rs, and thence, as ree]uireel 
te) the assembly. 

It is clear that decisions on most of these matter's are dependent 
on the character e)f the proeluct and size of establishment. They 
must be determined upon when the general manufacturing plan 
is being formulabnl. Probably the industrial engineer engaged 
on the design of the plant has had much to do with the formula- 
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tion of these plans, but, if not, he must have complete informa- 
tion regarding them. . , * 

An illustration of the way -in which the sales and production 
departments may coordinjite i^ afforded by the practice of one of 
the large builders of Diesel engines. Although this concern 
builds no engine costing less than about $18,000, it never puts an 
order for a single engine through the plant. Duplicate i)arts 
for not less than four or five engines are made in lots, all except 
those for the single sale order going into storage. The storage 
space requirements for such a plant arc manifestly much greater 
than for those following a different policy. Naturally, the 
sales force lend their efforts to the securing of ord(‘rs for units 
in groups, and are enabled to guarantee quicker deliveries on 
sizes which arc ali’eady manufactured in large part , a circumstance 
of Urn of great assistance in placing an order. 

Another matter ^calling for consideration, and one to which 
progressive manufacl^urers are beginning to give attention, is 
that of training apprentices. Rooms for class instruction are 
provided in many cases, and occasionally S])ecial shop rooms 
are seen, outfittcal with a varied assortment of tools, on which 
boys are given instruction. This practice insures a more general 
training than could be given in the production departments, 
with less spoiled work resulting therefrom. In the Saute V6 
Railway shop system an effective and complete apprentice school 
is maintained. Other railroads are following similar plans. 
In Volume 27 of Machinery is a series of articles outlining in 
detail the training methods in use by the Norton (Irinding 
Company. Some of the larger machine tool companies of Cincin- 
nati arc giving \ha matter careful at tention. It is something on 
which the future of the metal products industry depends in great 
measure. 

Many of these elements of the management plan arc discussed 
more fully in the chapter on “Personnel Administration’^ in 
Part II. 


SELECTION OF LOCAL SITE 

The questions to be considered have been listed on page 112, 
following which certain possible auxiliary service demands are 
mentioned. All of these points must receive consideration. 

In order to make the discussion definite, an actual city map is 
shown as a type (Fig. 7). It is the map of Hutchinson, Kansas, 
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a city of about 24,000 population, with industries employing 
2,900 people, of whom 2,350 are men. The ratio of men to 
women worRers is 4.31, a relative Jow ratio, which suggests the 
desirability of a new establishment employing men in large 



proportion. Siu*h a plant will be assumed, namely, a concern 
for manufacturing a miscellaneous line of metal goods, mainly 
1 ools and supplies for the garage trade, Hutchinson is an impor- 
tant trade center, serving a large territory to the West, and South- 
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west. Two main lines of railroad reach directly into those 
regions, the Santa F/' main line to the West, and the El Paso 
branch of the Kock Island to the Southwest. A third road, the 

n 

Missouri Pacific, gives connections southeast and northwest. 
It. is the center of tlie Kan'sas salt industry, and of a rich agricul- 
tural region producing wheat, in grea! cpiantity, filso apples and 
other fruits on a scale that is nofabk' for t he Middle West. It is 
a heavy shipping point., having many miles of track in the 
yards. 

A distinctive feature is the passing of all of the*, railroads through 
the center of th(^ business district, which is laid out attractively. 
The larger industries are on the outskirts to the east and south, 
where the gro\ind is k'vel and but little above the flood plain of 
th(‘ Arkansas lliver. The natural residcuitial development is to 
th(‘ north, due t.o topography as well as to the occupatif)n of the* 
othe*r sections by the* railroaels anel the inelustries. I'he're* is a 
growing section, mainly Ave3rkme‘n\s homes, t o the southeast., south 
e)f the A.V.I. Railway (Arkansas Valley Interiirban). 

The water supply e‘e)nelitions arc unicpie, in that the river is of 
lesser significance than might be assumeel. At certain seasons 
of the year the visible amount of river flow is small, the*, water 
settling inte) the*, underflow. Clround water is abunelant across 
the full wielth of the valley, exteneling several mile*s e)n either siele, 
anel is only 15 te) 30 ft. be.*low the surface. This e*xj)lains why 
many of the plants demanding large e|uantities of water are 
located at considerable* distances from the rive*]’. The salt 
r.bed is seve'ral Imndred fe*e^t lowe^r, so there is ne) contamination 
pf the water, which is of ge^od quality. 

The mOvSt ieleal location, from the standpoints of proximity te) 
railway lines, workers’ residene;e section, and street car system, is 
along the A.T. & Ry., just cast of the inelustries inarkeMl on 
the map as numbers 15 and 16. Near this point all three of the 
railroads already have switching lines. Any available piece of 
ground, reasonable in price, for a elistane^e e:)f a half mile, woulel 
answer the needs. The proposed plant is one without obnoxious 
wastes, and one iien^ding only the ordinary service of sewage* 
systems, so no questions arise on these scores. Almost equally 
well situated is land in the vicinity of the Solvay CJompany plant, 
number 17. Another good site is just west of the drainage canal, 
near the crossing of t he A.T & S.F. and the Mo. Pac. roads, the 
only disadvantage being distance from street car lines. 
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The problem is a simple one in a town such as the one sllown by 
the map, but the process to be followed in making a selection is 
well demonstrated by it. In many of the large industrial centers 
it is impossible to find sites which meet the tests at all adequately, 
the result being that special provisions must bo made. Civic 
development agencies in some cases have built belt-lino roads to 
servo designated industrial arous in order to oxtond the limits. 
In other cases entire new communities have been built up by one 
or more industries, illustrations of which may be s(‘en at Chie.ago, 
Philadelphia, Cincinnati, and Detroit. lOach eonnnunity pre- 
sents a problem peculiar to itself, and we may present with profit 
only these illustrative suggestions. 

With refVrenee to tlu* auxiliary service* demands, it may be 
nnnarked that not until the plant is of considerable size, employ- 
ing nearly a thousand workers, will sf)ace for outdoor recr(*ation 
in the line of athletics come up for consichuiition. The* wise 
planner will hold such possibilities in mind, lu)W(‘V(*r, and see to 
it that enough land is available. A somewhat similar statement 
may be made regarding the building of a separate office building. 
Other matters in this category involve only interior fdanning, 
with but slight (‘ffect on the extent ‘ind charact-cM* of th(* site. 

DESIGNING THE BUILDING 

Th(* exact lloor space requirements, it is assumed, have now 
been (h^termined. There nanain the many questions pertaining 
to the ways in which the ])hysical structure may be adapted to 
th(^ demands, most of which have been suggested on a preceding 
pag(\ Without going into the technical designing of structures,’* 
a few observations will be made as to conditions tlRit affect 
the building as a shell which houses a functioning institution. 
For the strength design and proportioning of parts the reader is 
referred t-o Ketcdium’s “Design of Mill Buildings.” There are 
many sugg(^stive discussions, also, in the book on “Mill Build- 
ings, by H. (1. Tyrrell, mainly on details of construction, although 
the changes in (^osts which have come about in the past 10 years 
lessen the valiK* of data which form a considerable portion of th(» 
the book. 

The modern. mill building is characterized by large window 
areas and forms of roof c,onst ruction providing still more wundow 
lighting. Sidewalls are commonly* of reinforced concrete or 
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brick, i^aricd by a combination construction of steel frame with 
concrete on expand 9 d metal. Rgofs vary widely as to form, 
according to the extent of the lighting demanded.*' When the 
width is such that sidewall windows afford sufficient light, a 
simple pitched roof with «, monitor having ventilating windows 
is a common form, Steel framing is almost universal. The roof 
covering may be corrugated metal on st('(d framing, flat metal on 
wood planking, reinforced concrete slab, or tar and gravel on 
planking or concrete. For buildings ol widths greater than GO 
ft., the saw-tooth construction is commonly used when the work 
is of a character requiring effective lighting. ^ The back slopes of 
the roof sections are covered as noted above. Such buildings 
are usually of single sto^ 3 ^ In choosing l)etwecn single-floor 
and multiple-floor buildings, in cases wIkui the service is for light 
material which might be handled on diffc^rent levels, one must be 
guided by the facts that, on the one hand, the investment is less 
for multiple floors in proportion to actual floor area secured, whik*, 
on the other hand, the effectiveness of labor in manufacturing is 
greater by from 5 to 10% wdien carried on on one floor. These 
figures will vary with different kinds of work, however, and the 
value of land is another factor of significance. An a(;curate st udy 
of costs is necessary in finding the correct solution. 

An important consideration is that of lighting. It must be 
treat(Hl under two separate heads: natural daylight and artificial 
lighting systems. It must be observed at the outset that when 
artificial lights are necessary to supphuiient da^dight, for illumi- 
nating dark spots or to give more intense light locally, where 
especially delicate work is being performed, the n^quirements are 
different than for the illumination of working areas used during 
the night. This is because the eye is adjusted to daylight condi- 
tions during the day and more light is required than at night 
when the eye is in a different state. 

Several definitions, basic to all lighting sources, must be given 
in order to state the conditions scientifically. 

The unit of light is the lumen. It is an absolute quantity 
factor. One lumen will light a s(iuarc foot of surface to an 
average intensity of 1 foot-candle. 

The degree of illumination of a surface is measured in foot- 
candles. It is an intensity factor. 

The fraction of the total lupiens, generated at the source, which 
actually reaches the surface to be illuminated is known as the 



DESIGN OF THE PLANT 


]33 


coefficient of utilization. It depends upon the diffusing and 
reflecting equipment, color of, walls and cejlings, size and shape 
of the room, and the height ol^ tjie source above the plane of 
the work. 

In (calculating artificial lighting systems, allowance must be 
made for the cteteri oration 'of lamps by aging and also from the 
collection of dust on rcflecliors •and on walls and ceilings. In 
doing this, a depreciation factor is used. It may be likened to a 
factor of safety. 

The requirements of good illumination may be variously stated. 
The main points arc ; 

1. A steady light of the proper intensity on the surface where 
work is beilig done. It must be noted that intensity is different, 
in general, on vertical surfacces than on horizontal. This means 
that the position of the surface must be stated accurat(‘ly, since 
most of the recorded data refcT to a horizontal plane and it is 
necessary to adjust to demands on the vertical. When the light 
comes from above, the inUuisity will be from 15 to 40 greater 
on the horizontal than on the vertical. When coming from 
side windows, it may l)e reversed at points lu^ar the windows. 

2. There should be comparable intensity on adjacent areas. 
This is equivalcMit to saying that there should be good diffusion. 
If light is strong on the working surface, from Icxcal sources, whihi 
floors ai(' })oorl\ lighted, workmen arc liable to discomfort when 
moving about, liecausc of the necessity of adjusting the eyes to 
diffcTent int.cuisities. Ac(cid(mts are more frequent and loss of 
time is suffered. 

3. The color and spectral cdiaractei- of the light should be suited 
to the jiurpose. This pertains solely to artificial lighting, of 
course, in which the effort is made to approximates to daylight 
characteristics. Special efforts arc necevssary when colors are* 
to lie niat(di{»d in the work. Blue-green glass bulbs on incandes- 
c(*nt lamps, and the mercury vapor light, give tones adapted to 
this condition. In a smoky atmosphere, as in foundries, light 
in which red and yellow rays predominate is more effective. 

4. ''J'here should be freedom from glare. 

5. Shadows or contrasts of intensity are objectionable. 

In daylight an intensity figure of 100 foot-candles ma}’' be taken 
as an av(u*age, on surfaces exposed directly to the sky. On clear 
days it is more. In passing through, windows a loss of about 25% 
occurs. The effective part of the window is that through which 
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the sky is visible, which cxplaiils the need for high windows. 
For work near windows the lower, portion should be shaded. 

When one window supplies' the light, the intensity on the 
working surface* varices approximately with the inverse square of 
t he distance from 1 Ik^ w'indow . As actually constructed, however, 
buildings commonly have many opehings ])oth An the sidc^walls 
and in the roof, so that the rul('' as io the scpiarc* of th(‘ distam^e 
does not apply direct ly. lnt.(Uisiti(‘S vary w^idely, of course', from 
a combination of causes, such as width of rooms, prese'iice* or 
absence' of glass roofing of the saw-tooth order, th(^ natural 
variation coming from we'ather conditions,^ color of w^alls and 
ceilings, and c.olor and te'xture of the material being worked on. 
The figures, under what, have bec'ii pronoumred Satisfactory 
conditions, vary from 4 to 50 foot-candle intensity. The' 
following table give's the reeords of many e)bservatie)ns, eae'li 
e)bservation having been made at a time when lighting w^as con- 
sidereel sat.isfactoi*:y for the class of work unele'i* w^ay. In all 
e*ases in tliis table, sielewall wdndow^s only wore in use. The 
inte'iisity given is that for a horizontal surfae'c. On a ve'rtie*al 
surface facing the se)urce of light, the intensity is in most erases 
twice that on the hen-izontal. On vertie*al surfaers aw^ay from 
the light, it varies from 10 to ()0^;| of the he)rize)ntal. With saw'- 
te)e)th roof lighting, the'se* r('lationshii)s we)ulel change' mate'rially. 


InTENSITIKS of DAYI.KillT I I.MIMIN ATlON IN FoOT-CANDLES, lloKlZONTAL 

SUUFACE 




(Jrade of work 

Fa'Otory product 

Fine 

i Medium 

j 

Rough 

Machine tools. . 

' 10 

i 

i 9 ! 

0 

Machine forgings 


(5 1 

1 5 

Special inaediinerv 

0 

0 ! 

8 

Automobiles. . . 

o 

T) i 

5 

Storage batteries 


*5 i 

i 

Sheet-iron jmrts .... 

10 

i .5 

i 8 

Clothing 

10 

4 


Furniture. . . . 

r> 
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A general average of observations, involving many more than 
in the above table, shows Satisfactory conditions to require 
intensities of 10, 7, and 5, respectively, for the three grades of 
work. The better the degree of diffusion attained, as also the 
higher reflecting properties, of the material being worked upon, 
the lower the intensity pcrmissil^le. 

Unfortunately, the data on daylight illumination are not com- 
plete in the facets as to floor and window arenas for which stat(‘d 
intensities may be estimated. Most of the sci(uitific work doju^ 
has related to artificial lighting. We can do nothing, tluMefore, 
but fall back on general relationships stall'd in other terms. 
This meaqs, virtually, limiting the widths of rooms lighted 
entirely from sid(^ windows to from 40 to (JO ft (h'pending upon 
the height of ceiliirgs and the grade and color of the work. In 
geruu'al, window area will be made as large as construction condi- 
tions permit, n'liKunbering that the area Ixdow the level of tlu' 
work is practically useless. In fact, window area below a line 
4 ft. aI)Ove the floor is of little use. Window\s in the sidewalls of 
monitor projections of roofs, where the height is lit) ft. or more, 
as is usually tlu' case, do not add to illumination in proportion 
to the area. In most buildings with th(' monitor type of roof, , 
the windows aie likely to become clouded with dust and smoke 
and their effect ivc'ness reduced still more. Their value is largely 
for ventilation. 

If the width of the building is such that, saw-tooth or nort h-light 
roof construction over a single floor is to be used, the following 
considerations apply : • 

Hoof truss spans carried directly on columns should be no> 
over 40 ft., but may run to 00 ft.. For this greati'r sj)an :*nd over, 
the raftc^rs should be supported on beams or trusses running 
either transversely or longitudinally, the span of each roof section 
being one-half or one-third of the column spacing. This will 
bring the roof spans to 20 ft. and more. It is the opinion of the 
author that if space requirements on the floor make column 
spacings under 50 ft. undesirable, this latter form with beams 
running north and south should be adopted. With two roof 
sections, this brings the span 25 ft., which gives a good height 
for the glass slope of the roof. 

The angle of slope of the glass, measured from th(' vertical, 
should ])(' as great as possible without admit ting the rays of the 
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sun in the long days of summer. An angle of 25 or 30 deg. is 
usually satisfactory. • 

The width or height of the glass, measured along the slope, 
may be from one-fourth to ^me-third the saw-tooth span, for 
good illumination. 

C^are must l)e taken in construction of the gutters. Down- 
spouts are prt)vided at the columns, those from valleys at the 
(Huit(‘r of the span of the supporting beam, where the divided 
span is adopted, being carried to the columns on a good incline. 
A 3-in. downspout will drain 1 ,000 sq. ft. of roof. Steam heating 
pipes should b(^ carried along und('r the gutters, to jnevent 
fre('zing. These pipes form part of ih(^ regular heating system. 

For more complete desca’iptions, and for details of construction, 
see Tyrrell’s “Mill Buildings.’' 

Artificial Lioiiting 

"J'he available sources of data on artificial illumination are 
mainly the publications and files of the manufacturers of lami)s 
and ether lighting materials. Tavo bulletins of the National 
Lamp Works of the General Electric Gompany, Numbers 20 A 
and 41, dated S(*ptember 10, 1919, and January 15, 1921, respe(‘- 
tively, are especially useful in detailing methods of designing 
systems for industrial plants. 

A general condition, which has becui mentioiKMl and which has 
an espechil bearing on artificial lighting, is the economic, effect, 
of good illumination. Up to the limits where results comparabk' 
"to good daylight are being secured, expenditun's for lighting an* 
more tlKin repaid by the increased production from work(*rs. 
In addition \o this, there is the saving in accid(*nts and workers’ 
compensation. 

In plants where material is transported by travelling cran(*s it is 
iKicessary to employ lights set above the crane level. This means 
large mounting height, affecting the coefficient of utilization of 
light capacity. Incandescent lamps must be equipped with 
reflectors, of which there is a multitude of forms and kinds. 
Mercury vapor lami)s have their own special determining factors. 
The finer classes of work should be arranged for in portions of the 
plant where then* is clear space to set the lights at a more effective 
height. Only for the most Exacting grade of work should local 
lights, set close to individual working surfaces, be allowed. 
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Where this is done, there should be good general illumination, so 
that when the eyes are turned awa^ from tfie work they may not 
be subjected to violent changes. 

The following is from Bulletin J^o. 41, National Lamp Works: 

Standards oj® Illumination 
(Intensities in fool-ctincllcs) 


C:jI\UArTEU tij* "Skhvick 


Foot-candles 
Rucommendkii. 
Vaiiiations Allow- 

AllLE WITH VaUIED 
C'oLORR OF Walls 
AND W«)ItK, 


Auxiliary splices, aisles, corridors, stairways, etc 
Machine shops: 

HoukIi bench and machine work.. 

Medium bench and maehinc work, roujiih grindinp;, 

medium buffing and polishing 

l<’ine bench and macliine work, line automatic machyi(;.*^, 

medium grinding 

Extra fine work, fine grinding 
Foundries: 

Cliarging floor, tumbling, cleaning, etc 
Molding and core-making 
Forge slio])s: 

Hough forging 

Fine forging and welding . 

Machine assembling: 

Rough .... 

Medium. . .... . . . 

Fine 

Power plants: 

Boiler rooms 

Engine and generator rooms . . 

Auxiliaries, switclies, etc. . 

Offices 

Drafting rooms .... 

Paint sliops: 

Dipping, spraying, firing 

Ordinary hand painting 
Fine wTirk, automobile bodies. 

Steel mills: 

Soaking pits, reheating furnaces. . . . . . 

Charging and casting floors. . 

Rolling, shearing, cleaning, etc 
Light and cold rolling, wdre drawing, fine shearing 
Textile mills (cotton) : , 

Opening, carding, roving 

Spinning, warping, weaving . 


(> 

10 


12 

12 and up 


Oto'JO * 

() 

10 

5 

S 

10 

3 

• o 

10 

15 


S 

10 to 15 

2 

3 

4 
0 

4 

8 



\\IA SAGEMENT ENGINEERING 


i:{s 


Standards of Illumination {( Umhuuvd ) 


(*in tensities iy fool-oaiulles) 

I^()OT-CANl>LKK 

ItKrOMMUNDKI). 

f N'ahiationh Ali.ow- 

« AULK With Vahiki> 

('oi.OUH OK WaM-S 

C'll\.U\(’TMt OF SKU^ lOl. ' •> AM> WoJtK, E'Pt . 

Textile mills (woolen): • 

Packing, carding, combing ... 4 

Twisting and dyeing 0 

Drawing, warping, light goods 0 

Drawing, warping, dark goods. . 10 

Weaving liglit goods . . 8 

Weaving dark goods 12 

Knitting niiudiines .... .10 

Clotli products: 

Light goods . . . . 10 

Dark goods. . . 15 

T-icather manufacturing : 

Vats , . . . . iJ 

Cleaning, tanning, stretching 1 

Cutting, fleshing, stuthng. . . 0 

h'lnishing and scarfing .... 10 

Slioe manufacturing: 

Hand turning and miscellaneous tS 

Inspecting and sorting material, cutting, lasting (light j 10 

Ditto, including stitching tdark) 10 to 20 


With the intensity of illuininalion til the working surface 
determined, and the gen(‘ral type of light s(dect(.‘d, one may now 
determine the number and spacing of lamp units and their height 
above the plane of work. An illustrative example will be given, 
^taken mainly from Bulletin No. 41, National Lamp Works, which 
typifies an ordinary shoj) installation where the overhead spaci' 
is not needed for crane operation. 

The building, or room, is 00 by 120 ft., with a height of 12 ft. 
to the trusses. This permits placing the lanif) 11 ft-, above th(' 
fioor, or 7 } '2 ft. above ilw plane of work. For the type of lamp 
of the National Lamp Works make that is adapted to this serv- 
ice— the RLM dome wdth bowl-enameled lamp — the tables show- 
a maximum spacing of 11 ft. The room divides better wdth a 
spacing of 10 ft., giving six rows of lamps with f) ft. clearance from 
the wall on each side. Each light, therefore, will serve 100 sq. ft. 

To find the lamp lumens required per square foot of lighted 
area, multiply the foot-candjes of intensity by the depreciation 
factor, and divide by the coefficient of utilization. These terms 
have been defined on a preceding page. 
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The general rule is to use depreciation factor of 1.3 for loca- 
tions reasonably clean and 1.5 f of more dirty and inaccessible 
locations. The room is one for medium-grade machiiu^ assembly 
work, under good conditions, calling* for 8 foot-candh^s at the 
working level. • Hence the factor, 1 .3 is ai)plicable. 

The coefficient ot utilization a more variable item. Table's 
are given in the bulletin, spaeie for whi(;h is not availal)le hen'. 
In general, it may be said, however, that for rooms of this type', 
for a height of lamp fre)m 7 to 9 ft. abe)vc the work plane, anel the^ 
Mazela-type of lamp with good bowl reflector, the' e*e)efficieiit will 
be within limits of 0.53 and 0.0, wdiere the e^e'iling is fairly light 
in color a’iiel the walls fairly dark. As walls get elarker, use 
the le^sser values. Fe)r this instane^e, 0.57 is useel. From 
this we' have — 

Luiiieiis peu’ hunp = = 18.2p(^rse|uare' foe»t. 


Total lumens per lamp then e'quals 1,820. 

Aee'oreling te) the table e)f the Natie)nal Famp Works this e*.alls 
for a 150- watt Mazda lamp, rate'el at 2,040 lumens as the neare'st • 
standard size. 'Phe number e)f lamps fe)r the room is 72, ace'ord- 
ing to the spacing already ele\signate'el. 

Hael a traveling crane requireel the lamps 23 ft. above' the 
fle)or, the' spacing woulel have been 30 ft., or 900 sej. ft. per lamp, 

the coefficient of utilization woulel be 0.49, anel the' lumens per 

* • 

lamp 19,150, calling for 1,000-watt Mazda lamps. 

This serves to illustrate the method e)f computation. Tables* 
must bci rese)rte'd to for unusual cases. ^ * 

Similar rules apply for the mercury vape)r f orm of lamps. Data 
furnished by the (/e)e)per-Ilewitt Electric Company she)w that 
theur Type F lamps, set 8 ft. abe)ve' the work anel spae;e'd 20 ft. 
horizontally, will give an intensity e)f 9.9 foot-canelles. The 
watts per square foot of floor are'a under this conditiem is 1.1. 

These quant itie's are reael fremi the table below, which is from 
Bulletin 202 of the' (k)oper-Hewitt. Ce)mpany. Type F is the 
lamp using alternating current. Feu* their Type P lamp, using 
direct current, dealuct lO^^J, fre)ni figures for intensity as given 
in the table. This means that if one' is le)oking for a spacing 
which will give a prcscril^eel inte'nsity, one must look in the table 
for a figure 10% greate'r than that required. It/s to be noted 
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that results indicated^in this table {tpply to a system of not less 
than 16 lamps. This insures fuH utilization of the angular rays. 

Intensities Phoduced uy iVpe F — EC Coopeu-Hewitt Lamps 
Symmetrically Sitaced 


Height 


4 

5 
0 

7 

8 
0 

10 

11 

12 

13 

14 

15 
10 
18 
20 


Horizontal distance between lamps 


8 9 10 11 i 12 13 14 . 15 IG 18 i 20 

i : '1 


24 


59 7 43 8 20.0 25 0 19 5 17.1 12 8 10.5 7 0 0'2 4 2 1.5 

07 500 243.030 023.521 5 10 7 13.3 10 0 8 0 5 S 2 5 

70.803 740.233 420.624.0 19 3 15 5 11 9 8 5 7 2 3.5 
70 8 03 5 48.1 35 8 28 8 27 2 21 0 17 3 13 0 10 8 8 3' 4 4 

09 702 448 837.230 0 29 022.7 18.8 15 1 12 o’ 9 9 5 1 

07.5(>0'047.037 8 31.730.4 23.9 19 9 10 4 12 910 4 5 7 
04 857.040 037.332.230 0 24 8 20 0 17 4 13.8 11 0 0 3 

02 055 0 11.330 2 32.1 29.3 25.0 21 1 18 0 14.4 11.7 0.7 

58 850 042.035 1 31 5 28 521 521 2 18.1 14 9 12 2 (i 9 

55.049 5 11.034 030.727.723 921.1 18 0 15 2 12 3| 7 1 

52.1 40.5 39 3 32 8 29 8 25 8 23 1 20 8 17 8 15 4 12 4 7 2 

48 3 42 037.731.028.925 8 22 5 20 3 17 5 15 3 12 4 7 3 

44.1 37.0 30.0 30.4 27.9 24 9 21 0 19 8 17 1 15 0 12 2 7 3 

39.830.032 027.725.522 7 19.2 18 4 10 2 11 1 11 0 7.3 

35.532.329 0 25 022.920 010 5 10.0 15 0 12 2 11 2 7 2 


Watts per square foot of horizontal surface 
0 4 5 3 4.3 3 5 3 0 2 5 2 2 1 . 9 1 . 7 1 3 1 1 0 7 


The quality of the mercury vapor light has been commented 
on. Accompan3qng illustrations show interior views of tin* plant 
of the Acme Machine Tool Company. The photojiraphs were 
taken at night under the regular light of the Cooper-II(‘witt 
lamps. The one in the assembl}^ section shows the arrangement 
adapted to the traveling crane. 

INDUSTRIAL POWER 

The amount of power required for various industries may hn 
determined from data already given in f'hapter IL Various 
phases of the ^^ubject have been discussed in connection with 
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the financial analysis of industrial enterprises, and there remains 
only the neiul to comment feriafly on for?ns of power equip- 
ment in the lip;hi of its adaptation *to the physical needs of the 
enterprise. For a discussion of tlic equipment in its strictly 
engineering; asf^^cls, the rej:idcr is referred to the books, ** Engi- 
neering of Power I^Iants,” by Veriiald and Orrok, (Mc(iraw- 
llill Hook C'ompany), and ‘'Steam Power Plant Engineering,’' 



I'k;. S. A< iik* Macliim- Shop. (riiotoKriiphed under rogular liglitiiiK 


by (icbliart (John Wiloy and Sons). There are many other 
works of standaid fo.in pt'daining to the design of power plants, 
both from the central station standpoint and from^thift. of the 
individual eoncc'rn. 

Giving a1t('ntion first to machine manufacturing plants, and 
to other e.stablishm('nts calling for power for the driving of varied 
lines of tools, such as furniture factories, leather goods, and a 
host of others, it has become essentially standard practice to 
use electric motors, apjdicd either to individual machines or to 
groups of machiiK's. Tliere are several questions to be taken 
into account in deciding upon the exact distribution of power 
in these ways, ^’ery large tools, especially if operated intermit- 
tently, may best be equipped indivitlually. Other conditions lead 
to groupings according to various 'plans. The engineer must 
have a free hand in laying out the plan which will^ represent the 
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rnaxiinum of economy under the conditions given him. Such 
plants, as a rule, employ powci^ only for the actual requirements 
in the moving of machiiH! members, without special demands 
for heat in procc'ss. , * 

A\’hether the electric current may* best In* purchased from a 
power company or generated through some form of heat engine 
at the j>lant, is a <p»(‘stion dcquMident upon th(' circumstance's. 



Fkj. 9. -- AfTiK' ('ompuiiy Shf>i). (PhotoKraphod under rc‘Kuljir liKhtiiiK 

(‘({uipineiit ) 


With the process h(*at-dc‘mands at a minimum, f>r entii’e'ly lacking, 
as the case may Vk*, there remains as a se'condary c()risideratie>n 
^in this question tlu* matter e>f h(*ating the building. Whethe'r 
the pref^req^'c will temd towai’el the', isolated plant with (‘xhaust 
steam us(*d for heating, or toward the* purediasc' of current from 
outside, depends largely on climatic conditions. For northern 
sections of the country, where the berating year is longer than 
six months, there is a strong likelihood that this lu'cd will ('xert 
a determining influeiice. For other sections of the country the 
reverse may be true. In certain sc'ctions, wIk'H' oil or gaseous 
fuel is abundant anrl the rates for current supplied by central 
distriVmting companic's ar(* high(*r than obtain in more favored 
sections, the internal combustion engirif* has beconu' a favorite 
source of power, usually through th<' medium of the electric 
generator. This is true especially of industries where the process 
work in itself .evolves heat, as in certain parts of cement mills. 
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In other portions of such mills the work is of sucii a nature that 
a very small amount of artificial heat is nh(;essary. For such 
conditions the internal combustion* ensim' is a closc^ competitor 
for even larp:c and well-established l^rentral sc'rvice stations. The* 
chief difficulty , here comes from the fact that inv(‘stin(‘nts an* 
high for equipm(*nt of this clasSf In spite of this, however, oil 
engines of the Diesel and seini-Dies(d t ypos are finding extend(‘d 
applications in this service. 

For the establishment calling for considcirable exhaust st(‘ain 
for heating purpos<\s during a large fraction of tin* y(*ar, and pos- 
sibly" for jirocess purposes, the choice of power equii)m(*nl con- 
stitutes a wal problem. The older id(^a, that any sort of steam 
(uigine can lx; used if tluTC is any use whatsoc'vc'r for exhaust 
steam, is losing ground in th(' face* of the competition being offered 
by the extension of the power distribution syst(‘ms. Old types 
of engines use steam in such quantiti(‘s that tl^t' hamlica[) during 
the non-heating months is coming to lx* too gre^at to be ovcu'conx* 
by th(* us(* of exhaust for heating at oth(*r p(*rio(ls. This condi- 
tion has t(‘n(l(*d to bring about tlx* disappc^arancx* of the steam 
engine from industrial ])lants. 

A type of engine which has not rec(*iv(*(l from writers on stearii 
pow(*r |)lant apparatus the consideration whi(‘h it d(‘serves has 
coiiK* upon the inark(*t. This is the iina-flow st(*am engine, 
built ])y (*ight or ten concerns in this country along designs whicli 
(lilTer in some respects from the basic ty])e s(»t by Professor 
Stumpf. When built with tlui proper valve ecpiipment to 
control the jxu’iod of exhaust, and henc(* tlx* terminal compression 
pr(*ssur(*, an engiix* of this tyjx* may be operated either condensing^ 
or non-condensing. This permits economical operat^)n as a 
coixl(‘nsing unit during the non-heating season. Whether or not 
tlx* change* from condensing to non-condensing is made for the 
difTer(*nt s(*asons, the una-flow engine, when built a(‘cording to 
tlx* best d(*signs, has a steam consumjdion so low that it can be 
operated non-condensing at all times and contimx* to deliver 
power on an (*conomical basis. For such service, all except the 
small(*r size*s should have* the auxiliary e*om|)r(*ssie)n e*ontrol 
valve, and also the <*xt(*ndeel tail rexl support. l'nle*ss the latter 
provisie)!! is made, the diflicultie*s of piste)n lubricatie)n become 
s(*rious. 

Special mention of this type of engine is made because few of 
the standard books on steam power plant de*sign^give adequate 
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treatment. It represents an important step in the perfecting of 
power equipment for industrial purposes. *1 

The direct* application of wa^en power, except through the 
intermediary avenue of electric current, is now limited to com- 
paratively few types of industries. One of these is the grinding 
of wood pulp in the larger paper manufacturing plants. Some 
tc'xtile mills and a few flour mills* continue to use this method of 
application. The great influence wdiich the available powder 
from water exerts on the industrial development of various locali- 
ties rests upon the system whereby electric pow(‘r is furnished in 
large amount and transmitted to the point of use. 

In geiK'ral, it may bf* said that the power element in jflant 
design is one calling for careful study. The industrial engineer 
may not be an expert in the design of the power plant considen'd 
as a unit in itself, but he must be well versed in current i)ractice 
in its most advanced forms. It is necessary for him to project 
the design in ibs general outline, and to go far bnough into detail 
to make 1h(' j)ropf‘r allowance for space. Fitting the power plant 
into th(' g(‘n(‘ral building scheme is a matter calling for some 
study. ()n(‘ solution of the question is presented in the a(;*coni- 
[>anying illustration which shows the buildings and grounds of the 
II. K. Le Jflond Machine Tool Company, where the plant is in a 
separate l)uil(ling. In its derailed treatment, such a plant calls 
for th(' same* care and consid(‘ration that is given to the design of 
a central station. In otlu'r establishments the power require- 
ments arc such that it is ]>ossible to make satisfactory provi- 
sion within th(‘ proc(‘ss building. Such adjustment is likely to 
be more ('conomical in investment. One of th(* primary requisites 
is to adjust the building plan so that t rans|)ortation of fjiiel may 
b(‘ cared for without ijiterbu'ing with the incoming aAd outgoing 
movcaiKait of ])i-ocess material and product. 

THE GENERAL BUILDING SCHEME 

IVlaiiufacturers are giving mon' attention in these latter days to 
th(' <lesign of the physical plant. There is a growing recognition 
ol two basic factors: one, that in the accurate adaptation ol the 
building to ])rocess necals then* lies a distinct economic advan- 
t age; the ot Ium*, t hat t hose feat un's which contribute to the comfort 
of work(*rs and apjieal favorably to. the aesthetic side of human 
nature, both in interior facilities and exterior surroundings. 
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serve to make the plant a good place in which to work, and this, 
in turn, has a distinct econornkj advantage. It is another 
expression of the fundamental ot industry previously expressed-- 
that industry is a living organism in which the material and the 
human forces unite. Economic balance will not be attainable 
except as the whole body is in a healthy condition. The physic^al 
plant must be set right in a sane and reasonable manner. With 
that established on correct lines, management can build its 
operating structuie. 

Sirnidicity, good taste, and sound construction are the recog- 
nized tenets of this doctrine. There is being developed in the 
United States a distinctive type of industrial architecture. 
Unconsciously perhaps but visildy, jdants are taking on a sound 
and well-kept api^earance, with light and comfort as tlu' promi- 
nent characteristics. It is not similarity in physical app(*aranc(‘, 
but a similarity in tone. Perhaps it is the lamp of truth, to us(' 
the symbols of K&skin, that gives expression to the type. The 
house should tell its own story of what is hous(‘d. Industrial 
plants should proclaim their true i)uri)Ose. This th(\v can do 
with jpredit to architectural judgment, and this they are doing. 

A general plan that is comiuThensive, adecjuatc^ for all present 
n(*eds, and suited to possible extensions in the future must lx* 
adopted. This has both exterior and interior (*lem(*nts for 
consideration. Street lines, railroad lin(‘S, availabh* land, points 
of the compass all influence* d(*cisions as {a type of building and 
plans for future extensions. Whether (*xt(*nsion should lx* made* 
by aeleling to length or wielth, or by buileling entire* new units, 
depemels on the* same factors anel upon character e)f operating 
process 4 as well. Inte*lligent stuely is re*epiire*el. I'e) this ix)int 
the eliscusston returns em e*very phase. Study anel analysis e)f 
each set e)f conditie)ns is the eTite*rion of e*orrect de*signing. Fe)r 
this, it is Tied a set of rules that is needeel, but traine*el minels whie*h 
have seen visions. 



EXERCISES FOR PART I 

In conduct, iriK of student class work with this volume as a text, the 

study of the printed material should be accoinptinied by exercises calculated 
to induce thouf^ht and train the judKnient in making apj)iications to local 
conditions. Supplem*‘ntary Heading of the numenuis references is necessary, 
espe<aally in collecting <lata on spi‘cific industries. Fiir this, tlie reports 
of the T'. S. ("ensus are raluable. l.ocal industries in wliatever city one may 
be should la* studied. Local conditions may lx* o})s<*rvf‘d, aiul students may 
well devote* time* to an analysis of transportation facilities, housing for 
industrial em])loy<*cs, ex'Lsting peiwer resources, and otlH*r factors peculiar 
to the situation. I'hey sliould be recpiired to select sit(*s for specified plants 
and use actual measurements in their design work. ’'FIk* juiint must lx* 
observed that the* olijective is to design an industry, not mer(‘ly the jilant in 
its physical asjiects. • 

The following exercises are suggestive only. In t*ach locality the indus- 
t ri«‘s to l)e investigated should be those which are apjiropriate to the region. 
Iteports should lx* complete* as to form, and made with all the care wJiich 
would be exercised by the* (*onsulting spe<*'alist who is preparing material for 
a company about to engage in a conim€*rcial enterprise. 

1. Analysis of Development of a Specified Industry. — This is to be a 
n*fMirt (HI th(* grow th in tin* Ignited States of some indust r\ , treat(*d histori- 
cally and taking into account the <*onditions which liav(* h'd t(» 1 he locat mg 
of ])lants in the various parts of the country. Among tlx* varlou^^ infiuenc(*.s 
to be considi’red are: 

a. Markets, in respect to character and e\t(*n1 of demand for the* article* 
prodiiC(*d. 

h. ( i(*ogra])hical ]K)sition of the market; tend(*ncy to shift with ])opu- 
lation and with comnuNrcial dcv(*lopments. ^ * 

r. Factors which have caus(*d it to become l(x*alized, in case it is a localized 
industry. 

There* should lx* ext(*iuled class discussions and criticisms of the* material 
gathered and of the interpretation of data, following which the report m:iy be 
given its final form. Industries assigned should be of basic types, such as 
iron and steel, cotton gcxxls, wcxilen goods, cement, boots :ind shoes, flour 
milling, locomotives, automobiles, agricultural implements. 

2. Development of a Market.- “^riie Ux-ation of the plant will be assumed 
at the start, jiresumably at the point where the student happens 1<^ be, unless 
the product is one calling for raw materials which are obtainable only at 
certain localities. The market will then be ^lesignated in its main boundaries 
and reference made to freight rates, on the jiroduct, to primary distributing 
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points compared with rates to the same points from principal competing 
plant locations, according to the methods outlined in Chapter 111. From 
this analysis of distribuiing costs th^ marketing area accessible to the cliosen 
location of the plant will be defiiltely established. 

The next step will be the preparation of a map of the territory. On tliis 
will be shown the leading totviis, all railroads which will figure in the dis- 
tributing plan, and districts where sales \Vill be heavy. ' This calls for the 
marking of districts where special elT# rts are to be made to develop business, 
such as petroleum fields for the oil well supply trade, if the ])lant is one 
manufacturing that class of equipment; agricidtural are.as esj)ecially favor- 
able to the use of a sj)ecial tyj)e of implement or tractor, if that is the line to 
be built; or some indicating plan to show density of population, if the articles 
to be made are for general sale. In some cases it will be ])ossible to indicate 
the origin of materials, or the trans])ortalion lines bringing materials to the 
plant. 

In each case the student is in the position of an expert investigator \\ho 
has studied the territory to determine its needs, its trade customs, the 
sources from which it has been drawing its supi>ly of the articl(*s under con- 
sideration, and its development tendencies. He is to ])resent his rejiort 
covering matters which will determine the selling policj ot the company, in 
which he will include the following points: 

a. Will the articles sell direct to consumers with s}ii])ments from the 
plant in original package, or will it be belter to establish distributing lioiises 
where stocks w’ill be carried and to which shijmients may be niad(‘ in carload 
lots? 

b. If the latter, shall the company maintain its own branch s(‘lling organi- 
zation, or shall it se^cure local representatives on a commission basis? In 
the latter case it must be considered whether tin* agent is to liandle these 
goods exclusively or in conjunction with products of otlier comjianit's in 
lines which will be su])plenientary to our own, so that he will be m position 
to offer to customers a more conijdete line of goods. 

c. Shall sales be made direct to the retail trade, and, if so, to what extcuit 
should the company coo[)erate tlirough advert ising and the furnishing of 
special samjjles and articles jiut up in (?onvenient lots? 

d. PriCisio^i to be made for covering new' projects in tlie territory in which 
there would be a demand for the jiroduct. This has special significance 
w’hen the product is one like brick or cement, used in quantity in construction 
w'ork. 

e. Estimatc.s of the consuming capacity' of the territory, and of each of tlie 
important divisions thereof. 

On the basis of the report there will Ik* prepared an organization plan for 
the sales department of the conqianv. 

Industries that arc w'cll adapted to this form of study are farm tractors, 
tools, pumping machinery, ga.soliiie engines, trunks and iniscellaiKHius 
leather goods, paper boxes, paper goods, such as ice cream cartons and 
butter packages, shoes, w'ork clothing, brick and tile, furniture, metal 
office fixtures and furniture, and machine tools designed for garage supply 
or other specialty. The list might V>e extended indefinitely. 
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3. Analysis of an Industrial Enterprise. — The object is the determination 
of operating conditions and expenses, including an estimate of the cost of the 
article produced, for a idant of given ^ize, type, and capitalization. Ques- 
tions of invcstnieni or financial stability arc not involved, it being assumed 
that the enterprise is in normal conditio\i with plenty of capital U) insure a 
j>ropcr balance of resources in its stocks, both raw and finished, in relation 
to i)roducing capacity, llefercnce is to the discussion in Chapter IV 
and to the table of llic relative values of production factors at the end of 
('hapter II. 

It is well to make this a follow-up of the preceding exercise. Assume that 
the study of marketing (onditions there made has resulted in the establish- 
ment of tlie manufacturing jdant, for, we will say, a line of pumj)s and 
stationary-type gasoliiu* engines to be used in making up pumj)ing sets for 
isolated scTvice. iSpecial applicat-i(»ns are for irrigation, general farm service, 
transfer j)iin?j)ing of oil on oil leases, and sjnall-town water supply. It may 
be assuiiK'd, also, that liie pumps are adapted for driving by electric motors 
when current is available, and also that s(»ine engines will be built for service 
other tlian for coniH'ction with the pumps. This makes the jmjduct flexible 
with jdeiity of opportunity for variations of typ(‘s to adajit to changing 
market coiulitions. • 

It is a mediuin-grad(* i)roduct, in the class of general ‘‘foundry and machine 
shop j)roducts. ’’ 'bhe illustrative exerchses at the end of Chapter II serve to 
indicate the use of the table values in adjusting to present-dav wage scales. 
.V total investiiK'iit of $400,000 will be used, this covering plant complete, 
mat«‘rials and linished goods on hand, and working cajiital. After finding 
I lie pn»babl(‘ value of product from the table, the student may estimate the 
weight of product handled by taking an approximate selling price of 22 cts. 
per pound. 4’liis is dom; mendy to give a guide in visualizing the plant 
activities, especially in calculating the cost of materials. The final result 
of the cost calculations is to be used m checking back on this value of product, 
'riie unit costs of materials— j)ig iron, bar steel, forgings, etc. — will be found 
from current market reports. Tin* weight of the pumps and engines per 
unit of cajiacity may be estimated from catalogs or calculated from designs, 
literature to serve as guides in tliis work being available in most technical 
libraries, or obtainable from manufaeturers on request. • 

Tlio analysis is to be detaiUal to show items o( materials, productive and 
non-})roduclive labor, factory and general overhead, sales expense, mainte- 
nance and rejiairs, ilepreeiation, in.surance and taxes, and investment 
charges. 

Any of tlic oilier products mentioned in Exercise 2 may be treated in 
corresponding manner. 

4. Analysis of Cement Mill. — In Cliajiter IV there is given a cliscussion of 
the jirocess of manufacturing ])ortlaiid cement, and a financial analysis of a 
2,5()0-l>bl. null. Tlie student is now required to duplicate tliis analysis for a 
mill of capacity of 4.(KK) bhis. per day. 

The first step to make a sketch drawing, approximately to scale, of tJie 
mill for which tlie data are given in (^hapter IV, showing the buildings and 
major items of equipment. From this ho may then proceed to enlarge the 
plant, and so arrive at a basis for estimating the buildings and other main 
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items of cost. He may properly assunfe a proportionately large bond issue 
in the financing plan, in order to calculate fixed charges. 

In the calculation of operating cot?ts, certain items, like fuel and power, 
will vary in proportion to capacity. Others will vary according to a lesser 
ratio. Labor and salaries of officiatfs, especially, will increase slowly. Sales 
expense will be but little larger than for the smaller jdant. Miscellaneous 
items may be assumed as about 50 greater. ’ 

5. Design of Manufacturing Plant.— In this exorcise the student is to put 
into concrete form for some selected industry the princijiles wliich have been 
treat eil in Chapter V. This enterprise, it is to be assumed, has been fully 
studied as to market and location, and also financed. There remains to be 
carried out only the design of the plant itself, which, task is of sujircme impor- 
tance in its effect upon the ultimate success of the company. For manifest 
reasons it is usually desiraldc to take a machine manufacturing plant. 

The work consists in making a complete study of the seU'cted article, 
analyzing the process steps in manufacture. Each proc(‘ss is considered 
with respect to character of operation, the type ol tool re(|uire(l for tin* 
work, and the time required. The tool equipment is thus determined and 
selections made. Space requirements in the jdant are then fixed, and the 
arrangement of the sphee worked out on a general floor plan drawing with a 
complete study of the routing of material. These st(‘ps havt* beim disciiss(*d 
in the text, and will be followed in full detail. Transportation into and out 
of the plant, storage requirements, power and lighting systems, adminis- 
trative offices, and all service demands will be given adeipiate consideration. 

After this is done, treatment in as complete manner as is j>ossible in the 
available time is to be given to the building construction plans. This, again, 
is to be in accordance with the discus.sion given in the text, on which then* is 
no need for additional comment here. 

The scale of operations, in order that the jilant may be of a size justifying 
the care in design that is contemplated, is to he fixed on the basis of turning 
out not less than $4()(),00() worth of work annually. This may mean a 
tonnage output of 800 tons, more or less according to the charact«*r of the 
machine to be built. 
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ORGANIZATION AND ADMINISTRATION 




(CHAPTER VI 


PRODUCTICllI PRINCIPLES 

In the several ehapt,ers of Part I, the process of analysis has 
lieen traced, through which the physical characteristics of a 
proposed industry luaylx' established. In that work little, if any, 
attention has becui given to the htinian factors, exc^ept as i)rogress' 
in i)lant design has taken cognizance of the necessities arising 
from th(‘ housing of workers. Attention has been centered on 
the development of markets and of materials, in ndation to their 
influence on the location of enterpris(*s, but in all other respects 
the matter has dealt specifically with tlu' ])h3’sical recpiirements 
of the woik to be dom* in the shaping of material, and with th(! 
plants that should acc(»mmodatc those operations. In the very 
bri('f treatment given to the historical devclojunent of industries 
iTi this country, only the bare facts have been considered. The 
influence of transportation and the needs of communities were 
nnuitioned only in an objective way, in theirrelation to the growth 
which took place during the early years. 

The purpo.sc of Part I has be('n to outlim* the process of indus- 
trial design. Distinction is made between the design of an indus- 
try and the design of an industrial jdant. Stress had been laid 
on the former. An industry begins with the consideration, 
of the place which the ])roduct is to assume as an article of com- 
iiH'rcc. To produce ever so ably, accomplishes nebbing unless 
there is a market demand. The successful producer knows his 
market, and its needs, and, furthermore, is able to estimate the 
developnuuit of d(‘mand. The engineer who would design, or 
conduct investigations jireliminary to the establishment of an 
enter jirise, must be able to analyze a prospective market and 
plan the form of selling campaign which wdll develop it. These 
matters have beiMi discussi‘d in detail in the early chapters of the 
book. 

Following this consideration of the characteristics of product 
in respect to their meeting the demands of jirospective purchasers, 
there have been considered in order the various physical factors 
which det(‘rmine the method of manufacture; locations which 
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meet satisfactorily ^the rcquircmfints of manufacturing and 
transportation; the detailed arjalysis of the article to be produced, 
for the purpose of detc'rmining^the character of equipment and of 
service that will be required in the manufacturing process; and, 
finally, the design of the plant as a physical struct uk' t o accommo- 
date in an effective manner the 'varied equipment and personnel 
to be employ(‘d in the process work. Some of these questions 
have touched in a remote way upon the human problems of th(' 
industry, but in the main they hav(^ had to do with the impersonal 
contacts of the market and the physical forces of production. 
The orderly treatment of these eleiiumts which (uitc^r into th(‘ 
design problem is the significant feature of the work jis a whole*. 

Industry today is demanding a careful and scientific scrutiny 
of methods of production. It is the dominating characteristic 
of the present, and will be so in ev(*n inon* d(*finit(' manner in the* 
future. It calls for the application of sound analytical methods 
to the solution of production problems. Many of the industrial 
failures of the past aie traceable directly to an insuffici(*nt study 
of inarkc'ts and methods of reaching them. Many others hav(* 
been due to unsound methods of finance and insuffici(*nt cai)ital. 
Future industrial engineering practice will be characteriz(*d by its 
consistent attention to these matters, and to the (l(*v(*lopinent of 
proper methods for comparative study. 

Systematic design along these lines is the basis for ()i)erating 
efficiency. This is the same as saying that it is th(* basis on which 
low production costs may be achieved. It is uj)on low(*red pro- 
duction costs that future* industrial f)rogress dep(*nds. Unless 
the United States wins in its struggle to produce goods at a cost 
low cnough#to overcome the handicap of transportation (*xp(*ns(*, 
the markets of the world will be closed against it and growth 
limited to domestic needs. 

The treatment in Part I covers only that i)ortion of the* fie‘ld 
which relates to the physical process and plant. The n(*xt step 
to be taken is that of establishing the relationship of the propos(*d 
activity to other business interests with which it must operate*. 
The company must be on a settled legal status, organiz(*d for the* 
purpose of meeting its external obligations in an orderly and 
proper manner. There are various alternative plans for accom- 
plishing this, and a judicious selection of methods to be followed, 
as well as of the exact legal form to give the company, must be 
made. 
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The company must be in proper relations with the banking 
interests, means that ils securities, alid paper of all forms, 

must be properly placed, and in arnounts which bear sane quanti- 
tative relation to the existing physic^JL property which measures 
the primary Jn vestment in the enterprise. These arc not 
questions of haphazard judgment, but ones which are to be 
settled on the basis of conservative financial policic^s and in 
accordanc(^ with well-established principles which arc fundamen- 
tal in the banking business. It is on the correct solution of these 
(luestions that the credit strength of the enterprise will rest, on 
which it may be f?aid that the final success of the enterprise 
depends. • 

It must have an op<‘Tating plan for the conduct of business with 
outside parties. There must be adequate provision for dealing 
with those who supply’' material, wdth those who purchase the 
product, and with those who furnish transportation facilities. 
These and kindred activities involved in the conduct of business 
must be r(‘cognized in the operating organization. 

There must be a proper internal operating plan for the conduct 
of producing activities. In the past, this has been a neglected 
item, but it has now come to be recognized as something on which 
the ultimab' success of the enterprise will depend. In part, it 
is a matter of organization, through which there may be realized 
the necessary coordination of effort. In part, it is a matter of 
internal administrative policy, uppermost in which is th(' ever 
present, (piestion of industrial relations between employer and 
employee. 

These and many other items in the conduct of operating 
plants make up the .sum total of admini.stration. ^ P^marily, 
they' have to do with the various human elements which dominate 
industry'. They' hav(' points of contact with governmental and 
financial agencies. Phy'sical, financial, legal, and human factors 
are involved in the administration of any' enterprise. It is on the 
correct handling of these' factors that the success of any' industrial 
enterprise ilepends. Part I had to do primarily' with the analy'.sis 
of the phy'sical factors. Part II is to be devoted to an examina- 
tion of the otluM' three. 

INDUSTRIAL FORCES 

When we begin to study the problems of organization and 
admini.stration of enterprises, we find in operation ^ set of forces 
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different from those dealt with in Part I. The human element 
begins to tell more lat’gcly, not alone as to the complicated rela- 
tions w^hich may exist between employer and employee, and which 
must be considered in th? adjustment of management details, 
but also in resf)ect to the motives and ideals wh\ch have influ- 
enced the builders of industry intcstablishing its lines of devedoj)- 
ment. We say now that some indust ]*ies should be located with 
reference to the marked, aecep)ting the present distribution of 
population as an established fact. The time was, howc‘V(a*, when 
the'se marketing centers did not exist, and some other set of 
influences dedermined the development thilt rc'sulted in the* 
present distribution of jiopulation. Some of the .influences 
were impersonal, such as the location of natural deposits of fmd 
and ores, the exist (‘ne(' of forests and streams, but the ideas and 
ambitions in th(' minds of the projectors of enterprises wen^ ('ffc'c- 
tive at many points in setting in motion th(‘ curn'nt of events 
which determiruHl the industrial progress of cities and (»ven (‘ntin* 
states. Many an establishment, and even entire industries, an* 
in their pres(*nt locations because of su(*h ])(*rsonal motives. It 
is easy to imagine a distribution of industry in this country quitci 
different from that which now exists, on the l)asis of different 
human motives. While certain major characteristics would lx* 
bound to exert the influence* which th(*y have* e*xe*rte*d, whate*ve*i- 
the perse)nal desire*s of organize*rs might have l)eH*n, the* pe*rse)nal 
element produce*d ele*finite* re*sults in many iiistance*s. 

For many years the industrial activities of this e‘e)untrv were 
cone-entrated on the development of natural resour(*es. The* 
’ lands of the West were being opene*el up anel the* fe)e)d-pre>elucing 
power \\*ds ^far in e*xcess of the* ele*manels of the* peipulat iein. 
Foreign traele in these surplus i)roducts e)f the* farm, as we*lt as 
of the forests and mines, be*came an irnpentant f*l(*ment in com- 
mercial transactions. It became a settle*el ele)e*trine* that raw 
materials should make up the bulk of export erommoelities. Tariff 
measures w'ere enacted in acerordance with this plan, coupleel wdth 
the idea of a tariff to protect the growing manufacturing inelus- 
trie*s. It may be a strong statement to make, l)ut this conception 
of international trade had the result of w^asting tlu* grcait nat ural 
resources of the nation, and of leaving for the coming gen(*rations 
the serious task of remod(*ling an industrial systc'in. l^*rhaps 
it w^as inevitable that it should be so, but in retrospect it seems 
regrettable that the early promoters should have skimmed the 
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cream, and that industry musl now contend for existence on a 
different competitive basis. 

Under those earlier conditions, industrial centers and our great 
railroad transportation systems v^re established. Every effort 
had to be made to move bulk commodities of low value over long 
distances to seaports, as w(dl as to the gn^at centers of population 
which grew up in accordance with this commercial policy. It 
was to the interest of the transj)ortation industries to have return 
freight, which could be only in the form of manufactured goods 
destined for consumption at the point of origin of the raw material. 
Ijong-haul sliipmer>ts of both raw material and finished goods 
(hus became the distinguishing feature of the industrial system. 
While the cream was thick and ready for the skimmer, centraliza- 
tion of manufacturing industries, as well as the segregation of the 
agricultural producing activities in Uk* West, was the order of 
the day. Ap})arently, no account was taken of the inevitable 
conseciuence to follow irom such practice; resmlts in the form of 
great centers of population, wherein crowded workers breathed an 
infested atmosphere of false industrial doctrine, and where the 
cost of living was bound to ris(‘ by reason of the long-distance 
transi)ortati()n of food supplies. Whil(» this development has 
gone on, the demands for transportation have been growing. 
TIk' records of sev(*ral d(‘cad(‘S show the transportation demand 
of the rnit(Ml States to ])e increasing approximately as the 2.S 
pow(‘r of the population. If continued, this will produce a 
situation that is unl>earabl(». 

While w(5 look at the foregoing stat (‘merit, which presents 
mendy cei’tain obvious facts, we must consider the influences 
which w('i’e being exert ('d from the pi’omoters’ side. •The real 
industiaal developUK'iit of the country had its begiilning in the 
(‘ra of railroad building following th(‘ Civil War. For nearly 
half a centui’y industrial progress was conti*olled in large measiii’e 
by a group of moru'yed interests in N(*w York. Not alone the 
railroads, but the manufacturing industry in all of its major lines, 
(rarne und(‘r the direct influence of these interests. Coinpanies 
were organiz(‘d or- destroyed during pleasant luncheon conversa- 
tions, at the nod of this or that influential banker or capitalist. 
Credit, that all-powerful instrument for the determination of 
suc(*ess or failure of business enterprise, was granted or taken 
away as this or that personal inteiwt might dictate. Very much 
of this manipulation of industrial interests was perfectly honest 
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and aboveboard. Tliis treatise is not one in which the innate 
honesty of men is difecussed, but the point is that it was under 
such conditions tliat the trenfl of industrial development in the 
United States was determined. Many phases of this develop- 
ment, while jDerfectly sound from the standpoint of the then 
existing conditions, were quite' jit variance with the plan which 
would have been followed had the're been a clean'r vision of 
what the future would bring forth. 

Following that period of intensive cai)italistic planning, came' 
the passage of laws regulating the' methoels-of the' great insurance 
companies, saner banking laws, which ciirbe'd the operations of 
various trust companies, and, finally, the Federal Reserve Bank 
Act, which took away fre)m New York the control e>f tlu' creelit 
of the country. With this lias come the possibility for a more 
consistent consideration eif the ultimate economic needs eif the 
country, and the methods of meeting those nei'ds through a plan 
of development that is in closer harmony with natural (‘conomic 
tendencies. 

Coincidently with the (h'clineof themoiu'v jiower in th(' metrop- 
olis, the producing capacity of the nation has reached a new 
balance with both domestic and foreign demand. (Gradually, the 
exports of raw wheat, cotton, and lumber have diminished, both 
absolutely and in relation to the domestic dc'iuand. In whi'at 
and lumber the cream has been skimmed. ( )ther nations, lilessed 
with great producing powers, and ])erhaps sulTering und('r t heir- 
own unwise local policy of reaping the rc'ady harvest, are mec'ting 
the producers in this country in the opcm markets of tlu* woi-ld. 

•The wheat produced by the Argc'ntine farmer is o or h cts. per 
bushel lu^arer Liverpool than is that produced by tlu' Kansas 
farmer. A ?lifferent set of conditions in resjx'ct to our ('xport 
trade calls for different treatment. 

Under the impulse of the World AVar the United States Ix'camc' 
a great manufacturing nation. The export trade for manu- 
facturcid articles stimulated industry until the fiotcuitial produc- 
ing power of the mills and shops far exceed(xl the d('mands of the 
normal domestic trade. In the years following the close' of the* 
war, a process of readjust iru'nt has been going on. 1^110 potential 
producing capacity still demands a large' export trade. To gain 
in the foreign market, and to hold the marke't acepiire'd during the 
period of disturbance, have* demanded economic production. 
In many lines of manufacturing in this country, the export trade 
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has amounted to from 10 to 20/^ of the total product. Prosperity 
not only in •these but in many rented industries demands that 
the foreign trade be maintained, which demand can be expressed 
in corresponding terms of low production costs. 

With these t«onditions befi>re us, it is realizc^d that the methods 
and personal motiv(‘S which guicknl the actions of the dominating 
personalities in New York during the great developing period led 
to different results from those which would follow from a correct 
ai)i)lica1 ion of conditions of today. A problem of twofold pro- 
portions confronts the manufacturing interests of the (country. 
The normal demands of the present competitive system which • 
exists in the markets of the* world must be met, and at the same 
time the mistakes of the {)ast must be (iorn'cted. This has its 
paralkd in the fact that managers of industries must not alone 
meet the iiroblems of labor in their bearing upon normal produc- 
tion under present-day conditions, but theru must also be cor- 
rected the mistake's of past years, out of which has developed the 
bitteriH'ss of internecine strife*. The producer today must not 
only meet the conditions of high transportation cost arising 
naturally from the* long-distance transportation of man>’^ com- 
modities, but must also overcome the handicap of the system 
which involv('S uiiiK*cessary trans])ortarion ri'sulting from a 
d(*velopment vl' the past under a prejudiced reginK*. In all lines 
there is tla* <lc>man(l for construction and reconstruction along 
intellig(‘nt lines. It is a situation that calls for careful planning 
and for tin* Ix'st brains which the country affords. 

THE MAJOR PROBLEM 

In ord('r to avoid the charge of appearing to take the ground 
that all methods of the past are wrong and that revolutionary 
practices must be instituted, let it be said that pc'ople learn from 
past experience and that changes in the realm of industry come 
gradually. It is for the purjiose of emphasizing the ultimate 
aim that the foregoing discussion has been din'cted in such 
manner that it indicates a radical departure. No such radical 
change is possible or even to be cH)ntein[)lat('d. It is sometimes 
desirable, however, to paint in contrasting colors for the purpose 
of bringing into clear view the major motive. In the field of 
industrial development this major motive is s\’^stomatic planning, 
based on an analysis of all the elements whicli .enter into the 
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situation. In this, the emphasis is on the taking of all factors 
into account. Too much of the so-called scientific. planning for 
the improvement- of operating conditions, which has been carried 
on during the last two decvidcs, has been based on a consideration 
of only a portion of the facts. The time has come when all facts 
must be taken into account, both material and human. 

Administration must concern itself with the elimination of 
avoidable wastes in industry. It ma}" be said that, the' elimina- 
tion of waste is the center and substance of the new thought in 
industrial economic lines. The captains of industry who 
d(‘termin(^d the character of enterprises during the gn^at d(‘V(d- 
oimient period were following a lin(‘ which eliminatcal on(‘ kind 
of waste, even though they created other forms. Transportation 
in that (^arlier period made concentration at the seaboard jioints 
(economical. But with tin* (‘xtcuided network of railroad lin(‘S 
created by these same developing geniuses, there was crt^atcal a 
condition which made decentralization a means for saving 
waste's in many lines of enterprise. This is what is meant wlum 
we sa3’ that those' organizers devc'loix'd the conditions which 
produced sources of waste at the same tinu' that they w('rc* work- 
ing for ('ffective operation. 

The wastes of transportation are too numerous to mention. 
It has already b(‘(*n noted that the (hanand for freight traffic! is 
excessive. Our centers of population are too far rernovial from 
the centers of pix^duction of foodstuffs and other comiiuiditic's, 
and there is waste in th(' actual carrying on of ti ansportation. 
(Concentration of industry has led to cong('stion in the crowded 
tc'rminals, until it has come to the point in some cities that 
transportation facilities are not adix^uatc* to tak(‘ can* of 
the product of mills and factori(‘s, should all of tlu! latter be ])ro- 
ducing to full capacity at- the same time. Tlirough traffic, which 
nevcT should ent('r th(‘s(‘ congestc'd points, is jamming thc' ter- 
minals in many of these citic's. This rejirescrits wast(', jmxliKX'd 
in jiart by a policy in railroad d('V(‘lopni('nt which was corn'ct 
enough for business as it (existed during the* active railroad build- 
ing period, but which is wrong as vi(*wcd in th(' light of dc'velop- 
ments which have takc'n place since' that (ua. '^I"h(' discussion 
in this volume bears on this (piestion of transportation only as 
it may have to do with the question of the location of industrial 
enterprises. The opportunity is taken at this point to ('all 
attention mer^'ly to the existence of the wastx's involved in th(! 
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carrying on of the great transpbrtation industry of the country. 
It is a condition which must be remttiied by intelligent 
action. One manifestation of it is its call for decentralization of 
industry. • 

Anoth(^r waste, already mentioned, lies in the fact that our 
centers of population are too far remov(‘d from the source of food 
supply, l^xpressed in terms which have a bearing on the ques- 
tion of the planning of industries, this means that industrial 
development on a significant scale in each of many hundreds of 
smaller towns scattered throughout the country would have the 
result of building up home markets which wmuld react in favor 
of l)oth the^ manufacturing and the agricultural interests. Loiig- 
(listaiic(i Iransportation places a handicap on the farmer who is 
(Unvoting his energies to the growing of specialized crops, such as 
wlieai. Riing the people into medium-sized towms nearer the 
source of food, and there is created a stimulus for diversification 
of crops, and a prospect of better food for the consuriH^rs and 
b(*lter prices for the producer. This problem of adjusting the 
food supply to the needs of people is given more attention at 
(he preseiil. day than it rec(dved a few decades ago. Insofar 
as reduced production cost of manufactured articles is related to 
a Iow('T('d wage scale, the cost of living is a matter of first signifi- 
cance, and the cost of food is paramount. Whereas, in the past 
this qui'stioii of food supply and il.s effe(;t on the cost of living has 
b(‘(m considered pur(‘ly as a resultant of other economic forces, 
th(' time is near at hand Avhen it wilt become one of the primary 
coiisidcuations. Alr(‘ady many companies arc looking about 
for an opportunity to move from congested centers into smaller 
communities, whe^re th(‘ problems of living and the social atmos- 
j)here an', more favorable to the maintt'nance of tfti effecitve 
working organization. 

There arc wastes incident to the character of product. In 
many lines of activity, unnecessary labor is being performed, 
with consequent incicase in cost, because of unnecessary varia- 
tions in types. (Jrantiug thfit the marketing of certain articles 
is facilitated by making them in a manner that will attract trade, 
there exist, nevertheless, possibilities of simplication and stand- 
ardization. A notable instance w'hich illustrates this point was 
afforded at a mei'ting of paving brick manufacturers a few years 
ago, at. which an agreement was reached to reduce the number of 
styles of brick to about one-fourth of the number which had 
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previously been on the market. Such a result produces no 
injurious effects upo^j the workers producing the article, since it 
is no more fatiguing, or minel-wearying, to produce* one style of 
brick than to produce another. What was true in this instance 
would be true in many others, in varying degnu'. Standardiza- 
tion of products is decried in certain places. Sometimes the 
contention may be sustained" that workers an* subjected to 
monotonous tasks and that, the results gained are not commensu- 
late with tlu^ human losses. In many other instances this con- 
tention is of no significance. The conclusion h(‘r(' is exactly the 
same as that expressed at other points, namely, that all of tlu^ 
facts which bear upon the case must be taken into account in 
order that th(‘ correct results may be arrived at. Sound analysis 
on a basis such as this nev(*r fails to produce th(‘ correct result. 

Their an’ wastes incident to process. This is so i)atent. a fact 
that comment is unnecessary at this jdace. Tlie methods of 
process analysis outlined in Chapter V indicate th(‘ liiu' of study 
which is necessary in solving the physical (jiu'stions involved. 
Here, again, criticism is encounter(»d from those who s(*(', in th(‘ 
standardization of methods of work, the possibility of injury to the 
worker. One answer is to be given to this criticism. If the* iindhod 
adopted for carrying on of tlu* process sb’j) is oik* which results 
in undesirable conditions for the worker, and a comjx'tent and 
unbiased study of the situation shows that th(‘ loss sustained is 
of material significance, th(*n the m(*thod is nol the corr(‘ct oru*. 
It i.s necessary to repeat again and again the statement that no 
system of analysis is scientifically correct if it fails to tak(‘ into 
account all the facts which bc^ar upon the situation. The* human 
elcmen* is one of these facts and must be givc‘n its propc'r shan* 
of attention. In g(*neral, it may be stated that, in Anuu-ican 
industries, practice has reached a much more advamu^d stage in 
matters of process and eejuipment than in n'sjx^ct to the* human 
agencies. Alanageinent has lagged behind, and only r(M'(‘ntly 
has it assumed the position of importance which it d('-s(Tves in 
the eyes of the administrator. 

There are wastes incident to (‘(|ui])mcnt. While it is tnn* that 
the past generation has witnessed marked improvement in work- 
ing (equipment and all of the attendant machinery employed in 
the application of mechanical energy to industrial proc(‘sses, 
there is still room for further improvement. This is closely 
related to the proldein of utilization of equipment through office- 
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tivc management sytems. There arc some phases of the 
question wh^ch relate solely to equipment, however, particularly 
in respect to power economics. Ever present is th(^ question of 
generating power in private* plant, whf'ie auxiliary service 
may warrant it^on the one* hand, or purchasing power in the? form 
of ek^ctrical energy on the oih(^\ In the past gemeration, fuel 
cost as comparc'd to la])or cost was loss than that which now 
obtains. ( 'oal was relatively (‘heap and labor high in this country, 
as a r(‘sult of wliich great stride's were' made in perfecting labor- 
saving eepiipment with le'ss atte'iitiem te> fuel e'e^eme^my. At the' 
prc'sent time* the hijjh re'lat.ive* ])rie*e of file*! is e*hangiiig the point 
e)f emphasis, e)r, at le*ast , is bringing again te) the miiiels e)f inelus- 
trial manage'is the* import ane*e* e)f the i)e)\v('r e*l(‘meiit in manufac- 
turing. The saving to be* ace*e)mplishe‘d here in the manufacturing 
industrie's may not lx* great. In other fields, notably in railreiael 
transpe)rtatie)n, the* ])rospe*ct of fue*l e'cxaieun^es constitutes an 
alluring oj)portunity fe>r the man wlie) is ine*lineel to enter upon 
the study with care* and skill. It is a safe predictiem that a mate- 
rial reduct ie)n in the total fue*l ne'ods of the country would be 
j)ossible if all the industrial activltie's e)f the* country wei'e te) 
realize in full me*asure the* ece)noinie's that are* attainable through 
we'll-e'stablislieel ste'ain beiile'r practie*e'. Still further reeluctions 
will be achie*ve*d as the railroaels be'e*ome able* to e'Cjuip accoreiing 
te> the ])(^st e)f niexlern ide'as. 

Tliere are waste's, the me)st alarming of all, through failure to 
re'alize in full me'asure the re'turns e)f human effort. It is in this 
line that industrial management e)f the i)ast has maele its most 
conspicuous failure's. Only in recent years has serious study be'en 
given te> metliods e*alculate'el 1e) make labor effective.^ Ihis is a 
subje*e*t so sweeping that an entire e'liapter is to ])e given to the 
eliscussie)!! of j>e'rs()njiel administration. It is a fruitful fielel for 
anyone seeking oi)portunity te) exercise his executive* abilities. 
The entire quest ie>n eif inelustrial administration centers aremnd 
it. 


PLAN OF TREATMENT 

In summary, aelministrative functions in the' inelustrial fiedd 
are to be considered under two general headings: 

Determination e^f policies in exte*rnal re'lations. 

Executive ce)ntrol in internal management problems. 
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Under the first come all of the questions regarding company 
formation : conditions of its chartering for the fixing of its legal 
status; financing; and the control of major activities involving 
making of contracts, arjid associations with other organized 
companies, lender the second come all of the questions jx'rtain- 
ing to operating procedure, including organization types and 
division of managerial resiionsibilities. In the succeeding 
chapters these matters are dealt with, approximately in the 
order which would be followed in the formation and organization 
of an enterprise. 

The plan of the book is thus made to conform to the oi’der of 
events which would be followed in the establishment of an 
industry. Part 1 covers the study of the character of the j)rodiict 
in relation to market demands and conditions; th(‘ choosing of a 
location; the making of preliminary estimate's of the cost of 
production; and the fixing of the j>hysical characteristics of th(‘ 
industry with respect to jiroduct, ('quipment, and jdant layout. 
In Part II the work is continued under the gc'iu'ral headings of 
the formation and chartering of the* company; tinancing; deter- 
miniiig the type of internal organization; and the basic elements 
of personnel administration. Appended to the i)rimary discus- 
sion, is a brief troatjiient of cost accounting from the standpoint 
of the keeper of sho[) cost accounts, an<l the eh'UK'nts of the law 
of contracts. These latt('r are but bri(?f discussions, made up in 
considerable i)art of (piotations from standard authorities. 
The reason for including them is to enable students using the 
volume as a text to gain an understanding of the simjder elements 
of these subjects, wliich an* of importance' in the conduct of 
engineering work. 
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ORGANIZING^THE COMPANY 

Business orgaiiizalions, industrial and otherwise, are commonly 
classified under three heads according to ownership. By 
^'ownership” we mean the control of the property itself and of 
the regular outstanding slock considered as evidences of the* 
])roperty.» These three tyjios are^: 

Individual ownershi[). 

The partnershij). 

The corporation. 

It is now to Ik* assum(‘d that the industrial entcriirisc under 
consid(*ration has l)(K‘n (*arri(*(l through the several stages of 
design, as outlin(*d in Part I. The person (or group of persons) 
interested in its develoimient has carried the proposition* to the 
I)oint where he has in mind a (l(*finite picture of the enterprise 
and r(‘lial)le estimates of the cost of construction and of installa- 
tion of all the (*(]uipment for carrying on the business. He has 
s(*lected a location for the jilant, the market area in which he will 
extend his busiiu'ss, and is now a})le t.o visualize the* entire 
program to lx* undertaken. It may be that he has in his pos- 
session, or readily accessible, all the funds necessary to proceed , 
with the construction of the plant. On the other hand, he may 
have immediately availabk* only a comparative siiuUl portion of 
the amount lU'cressary to put the plant on an operating basis, and 
it. will be necessary to determine some method for securing the 
necessary funds. 

If he is in the condition of having at hand all the money that 
is necessary, he may proceed on a basis of individual ownership. 
In this status he would exercise simply the right of the individual 
citiz(ui of the country to carry on business, which includes the 
right to make contracts of any and all kinds, own land and other 
forms of real property, and to proceed in the carrying out of any 
sort of business program jH*rmissible under the general law^s of 
the country. Individually owned ’establishments are generally 
small, however, and most persons are inclined to Jiesitate at the 

1(>5 
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prospect of having th^ir entire personal property tied up in a 
single enterprise, or at least held ih a status such that *it could be 
attached through legal process for any liabilities which might be 
incurred. In view of this situation, this class of company organi- 
zation will be dismissed from mind and "attention centered on the 
other forms. ^ 

When one turns to a consideration of the different types of 
company organization, for the purpose of fixing upon the one 
which will effectively serve the purpose at hand, he must bear in 
mind the significance of the steps which are to be taken. It is 
through business organization that the forces of industry ar(‘ 
made effective. It has been made apparent already that the 
forces of industry arc many in number and varied in character. 
In order that evt^ryone may be utilized to the fullest advantage, 
and the enterprise proceed on an efficient basis, care must be 
taken to select the form of organization which will permit thes(* 
forces to function with the least friction. Into the (piestion 
come the various degrees of the personal financial responsibility 
of those who invest money in the enterprise, and the necessity 
of having sources of capital adequate to insure a margin to meet 
not only the ordinary demands but also the unusual vicissitudes 
w’hich arise. Measures must be taken to inspire confidence in 
the undertaking in the minds of all persons who will hv 
encountered in the ordinary routine of business. The success of 
an enterprise of this character — and this is essentially true of all 
industrial plants — depends upon confidence or credit. I'nd(*r 
the customs of modern business, credit is the key to success. 
Nothing should be spared that will tend in any way to increase 
the confidei ce of the business public. Everything must be 
avoided which tends in any way to throw doubt or (question on 
the motives of the organizer or the financial background of th(^ 
new compan3\ 

At this stage in the process of company formation the greatest 
of care must be exercised in the forming of attachments. If 
several different individuals arc to share in the investment, 
these same individuals must share in the exercise of control. 
The investment of money in an enterprise means the assumption 
of a degree of responsibility for the conduct of affairs, the extent 
of this responsibility varying with the form of organization. With 
this responsibility there must go the corresponding measure of 
authority. This is the foundation principle in all organizations, 
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whether reference is had to* organizations for the handling of 
external relationships or for internal executive control. Author- 
ity and responsibility must go hand in hand. At this juncture, 
therefore, care must be taken {o measure the extent to which 
different individuals are desired as participants in the control of 
the company. Invitations to^these individuals to make invest- 
ments must be made proportionately. Failure to observe the 
necessity for establishing correct balance at this point has been 
responsible for many misunderstandings, often leading to friction 
and ultimate reorganization. 

Banking intere.^s may figure heavily in the making of decisions, 
A bank may have agreed to make loans, or to buy bonds, which 
in reality, constitute a loan, the doing of which would not nor- 
mally give the bank any voice in the control of the enterprise. As 
a means for securing this financial backing, however, the company 
may find it necessary to give the bank a vc^jee, or to take some 
individual named by the bank into its directing group. Posi- 
tions on ])oards of directors are thus frequently bestowed upon 
individuals who may have little personal financial interest, but 
who are there for the purpose of protecting the financial interests 
of heavy inv(^stors. When industrial enterprises and the control ' 
of cr(*dit were so largely in the hands of the moneyed interests 
in New York, certain men held places as directors in many 
enterprises. With credit so largely under the control of central 
institutions, it was necessary that this be the case in order that 
int(‘rests should be safeguarded. The result of this was the 
tendency toward large organization, in order to keep the number 
of boards of directors as small as possible. With the greater’ 
freedom in the extension of credit which has come ab^)ut since 
the passage of the Federal Reserve Bank Act, credit flows more 
freely and the formation of comparative small enterprises may 
proceed with less difficulty. 

This leads to a consideration of the desirable magnitude of 
individual corporate interests. The aim is to secure an effective 
utilization of the forces of industry. The question arises, then, 
whether the large concern has manifest advantages over small 
ones. The record of notable industries has showm in past years 
a tendency to increase the holdings and the extent of influence of 
central boards of directors, especially during the latter portion 
of the pciiod referred to above. The time has come, however, 
when manufacturing industries have found that, beyond a 
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certain point, increase in size does not mean increase in effective- 
ness. The process of decentralization has actually l>egun in a 
few instances. After grow^th has proceeded to this critical point, 
advancement is made through the establishiiKuit of branch plants, 
each under separate administrative (control. It A^ay be said 
that this does not apply directly to the (luestion at issue', since 
the corporation with its many branches has its one central board 
of direction. As a tendency in industiy, howevea*, it does bear 
on the main question. N('W organizations should so direct 
th(‘ir initial proceedings that alliances will not bo formed which 
might later become embarrassing should marked successes l('ad to 
greatly increased size'. 

The actual investments made by those' who are rc'ady to stake 
the enterj)fise must be sufficient to form the* basis for future 
loans whi(‘h will ho necessary to complete the' plant. This is 
really the first step in the building up of company credit. If the 
concern owns its lanel and a gooelly imrtion of the fixeel property, 
in the form of builelings anel major types e)f eepiipment, tlie^ 
investing public will be inclined, otheu* things be'ing favorable, to 
repose' trust in the enterprise. Whether it be a partnership or 
corporation, the amounts of the original subscrij)tions must, 
therefore, be carefully considcued in comparison with the total 
amounts that will be required. Tlu'se comnu'iits pertain in 
considerable measure t o finamaal polic}^, which is to be developed 
in greater mc'asure in a succeeding chapter, but the qu(\stion is an 
important one at this stag(‘ when conditions influencing the form 
of organization are being carefully considered, and the motives of 
those on whose acts tlie fiiturci credit and succc^ss of the und(rr- 
taking vfill dc'pend are being revealed. 

At this stage in the development it is necessary to consider 
two other questions which will later become vital as policy 
measures. One of these has to do with t he attitude' of the general 
public toward the enterprise. The other one is the policy 
which the management is to adojit in its relations to employees. 
As an enterprise, it is, in a measure, engaged in public service. 
A successful company is an asset to its community. This prin- 
ciple is basic in the enactment of laws controlling the (corporation, 
wherein it is distinctly recognizc'd that thenc is a contractual basis 
to the agrec'inent between thcc (concern and the state, and that 
in this contract the servicce rohderod to the public is the considera- 
tion offered by the company in return for which the state allows 
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certain privileges. This must be kept in mind as a fundamental 
element in*corporate business. * Ait one time the public was inclined 
to view all corporations in a imoie or less suspicious manner, 
this tendency growing out of abuses which grew up in the latter 
part of the* nineteenth cemtury. This tendency has abated 
larg(‘ly, due, in the main, to®th(^ gr(‘atly inen^ased number of 
I)eople who have beconu^ stockholdcMs in corporations. Widely 
distributed ownership of industrial enterprise is an effective? 
means for acquainting people^ with practices and motives in 
business. It has^much to do with the clearing up of prejudices. 
With this d(‘V(dopm<‘nt in the understanding of corporations; 
with wlifch has come a growth of the idea that a corporation is a 
form of enterprise in which the public is an interested party, 
it is natural that pe^ople should come to look upon th(‘ i)ai tnership 
with some susi)icion b(‘causc of the exclusiveness of the control 
llieie exercised l)y a small number of heav*y investors. These 
suggestions do not indicate the existence of a strong impelling 
infliumce, but rathc'i* of a tendency in public sentiiiK'iit which 
should not be overlooked by those who are deciding on the (pies- 
tion of th(‘ type of organization to be adoi)ted. 

In anticipating the policy to be followt'd in establishing coopera- 
tiv(‘ relationshi])s with employees, it should be borne in mind t hat 
the extcuision of ownership through the selling of company 
stock to the work(*rs is an important consideration. If such 
policy is anticipated, then care should be taken to insure a typ(‘ of 
organization, and the provision for stock classification in small 
denominations, that will make possible this plan of procedure. 
There may be otlau’ elements and otluT methods of dej^ing with 
th(? qu(?stion of industrial relations which need alsi? to betaken 
into consideration. JOnough has been said to indicate the necc^s- 
sity of giving most carc'ful attention to the many agencies, 
public and individual, which may at some tinu' in the future 
have an influema* on the undertaking, either for or against the 
enterprise. As further guidance to the consideration of these 
(jiiestions, the following j)ages of this chapter deal in considerable 
detail with the more important characteristics of the partnershii) 
and thc‘ corporation. 

The practices of ilitTerent states are given because the company 
organizer must take into accounl the se^ction of the country 
in which he expects to do business. It may be the best plan to 
incorporate in the state in which the principal* plant is to be 
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located. With the growth of the company, however, plants may 
be established in other states, so that the significance of the state 
of original location is diminished. Markets will extend usually 
over many states, so thercr is no real occasion to consider the 
case from a marketing standpoint. The advanti^ges and dis- 
advantages coming from incorporating in the different states are 
indicated clearly in the discussion. 

The following figures furnish an interesting commentary on 
current practice in the United States in respect to the ownership 
of industrial enterprises. As given by the V. S. Census reports, 
organized manufacturing companies are divided among the three 
forms as follows ; 

FoitM OF Ownership 1899 1904 1909 1919 

Individual ownership 171,832 113.946 140,606 ( ) 

Partnerships 62,613 47,934 64,265 ( ) 

Corporations. . . . . . 37 , 123 51 , 097 69 ,501 (...) 

The distinctive feature in this is the trend toward the corpora- 
tion form. Corresponding to this is the tendency toward large 
establishments, which is, in itself, a significant, explanation of the 
,, popularity of the corporation. In 1909 the corpora t(^-owned 
plants employed 75.0 ^,7 of all wage earners engagc'd in industry. 
As before noted, modern conditions make necessary large accumu- 
lations of capital for the successful i)rosecution of jiroducing 
businesses on an economical basis, and the corporation makes this 
possible in ways that will be explained. 

PARTNERSHIPS 

A partnership rests on a purely contract relation, expressed or 
implied, existing among the persons comprising it. It may be 
defined (Tucker) as ‘‘the relation existing between persons wlio 
have agreed to combine their property, labor, skill, or some or 
any of them, in lawful commerce or business, sharing the profits, 
and generally the losses, between them.^^ The statement is 
simple, but a knowledge of contract principles is necessary for its 
understanding. 

It is obvious that all contract essentials must be complied with. 
This means that only legally competent parties may enter into 
partnerships; that the business undertaken must be of a lawful 
nature; that each party must, contribute something of value as a 
legal consideration ; and that the intent and purpose of the parties 
to enter such -a relationship shall be clearly shown, either by 



ORGANIZING THE COMPANY 


171 


written agreement or such s()ecific acts as would give complete 
evidence that each party dfd ^ intend and purpose. It follows 
that on certain occasions the partnership contract must be 
construed according to usual procedure in the construing of civil 
contracts. 

When written, the instru^lent is called the “partnership 
articles.” In framing it the following topics arc usually treated, 
but with the understanding that in the interpretation that would 
be rendered in case of disagreement among the partners there are 
many other points and various principles that would be given 
consideration unckr the common law. One such point is that if 
the business of the firm continues beyond the period of years 
mentioned in the articles, but without written agreement modify- 
ing the terms, the original terms will govern during the extended 
period. These topics arc : 

The general nature of the business. ^ 

Date when effective* and the duration of the partnership. 

The firm name. 

The capital or other valuable consideration supplied by each 
partner. 

The rights and duties of each partner and the basis for division 
of firofits. 

Provisions for periodic accounting of resources, profits, etc., 
and basis for final accounting on dissolution, or on retirement 
of any partner. 

Restraint upon partners from transacting business in competi- 
tion with the firm. 

Any special agreement w'hereby an}^ partner's liability is to ' 
be limited or he is to hold any special connection. • 

Anj" other matter of significance peculiar to tTic business. 

It is not the purpose to discuss legal phases of partnerships. In 
what follows the aim is to present certain important facts that 
everyone should understand, wdth the particular aim to bring 
the essential differences between the partnership and the corpora- 
tion into relief. Such und(*rstanding is necessary on the part of 
one who is deciding upon the form of com pan}' to be selected as 
most suitable for any contemplated enterprise.^ 

* The reader is referred to standard works for tlie fuller treatment of the 
subject, among which the following will be found useful: 

Tuckek’s “Contracts in Engineering,’^ chap. VI (McGraw'-Hill). 

Conyngton’b “Business Law’,” (Ronald). 

Brisco’s “Economics of Business.” 
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There may be different kinds of ‘partners, distinguished as to 
powers in the firm and'liability fo^^ fil'm debts. Special partners, 
as the term is commonly used, have their liability* for debts 
limited to specified amounts. silent partner is one's who has 
no voice in the management, although he may have all other 
rights and be subject to all duties.^ A secret partner 'is one whose 
connection with the firm is not announced, but who may be 
declared liable for debts if crenlit.ors discover his rclationshij). 
The term “general partner'’ is souKd.iines used to designate sindi 
as hold the standard normal relationship to the business, with full 
powers and liabilities. It is to this last type that, all statements 
that follow ai)ply. 

Each partner in the usual organization is a. fully accredit.(*d 
agent having power to transact business in the* name of the firm. 
Under the rules of agency he by his acts, binds the firm, provided 
he acts within the range of authority set by the nature of the 
business for which the company was organized. Since the rela- 
tion of agency is here an iinplic'd one, the customary rules for 
construing implied contracts as well as the usual rules of agemey 
goverih 

The holding of real property is on a joint basis, in which the 
partners must act together, all signing fleeds at transfer. This 
principle sets a limit on the authority of a partner as agent, in 
that he cannot make a firm assignment, nor a mortgage, deed, or 
lease of realty. This constitutes an important distinction Ixd w(xui 
the partnership and the corporation. 

Partners are, in general, jointly and severally liabh* for all d(d)t s 
of the firm. This is the most significant element in partnershij), 
when the^ question at issue is the selection of the form of company 
organization*’ best adapted to an enterprise. It constitut(\s a 
barrier to investimuit in many cases, since rncm with large private 
mc^ans will hesitate b(^fore entering into a venture in which not 
alone their direct investment in the business, but their whole 
property as well, is subject to attachment. Here, again, the 
corporation off(M*s a marked contrast, in that the liability of 
investors is limited to the amount of the stock jmrehases, or, at 
most, for certain sp(*cial businesses, like banking, to double the 
par value of stock holdings. 

An important principle that governs in various dealings of a 
partnership with individuals 'or other firms, in which arises the 
question of limitation of liability of any partner whether by 
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original provision of the partnership articles or by the retiring of a 
partner from the firm, is the giving of information in a public 
manner. The interests of parties dealing with a firm are pro- 
tected in every reasonable way. The firm must cause it to be 
known, so that the ordinarily prudent knd cautious person may 
become informed, whenever any such special condition exists. 
Without such policy in the adjustment of disputes, persons 
dealing in good faith with a firm, with confidence in the financial 
strength of partners, or supposed partners, would be subjected 
to possible fraud and sharp practices. The principle follows 
naturally from the. contract essential of mutual agreement. 
There can be no valid contract when any uncertainty exists as 
to the identity of parties subscribing thereto. The fixing of a 
partner’s liability is not for the purpose of affording special pro- 
tection to inno(;ent outsiders, but. simply an instance of adjusting 
matters on the basis of sound business practice in adjudging 
the validity of contracts. * 

CORPORATIONS 

We come now to the most commonly emj)Ioyed, and hence the 
most important, tyi)e of company organization. Certain limita- 
tions have been not(Ml in the two forms already treated, these 
limitations having to do primarily with the possibilit ies for making 
capital available in (]uantities sufficient to make effective opera- 
tion possible. Specialization and mass production have been 
cited as distinguishing marks of modern production methods. 
"J^'hese may not be realized unless business is carried on on a large 
s(!alc. It is in the interest of the public generally thaj. such 
activities should be fostered, and the corj)oration is th^ outcome 
of legislation calculated to achieve that end. Without it the 
(h^velopment of a count ry would be retarded. 

Quoting from Tucker, corporation is a collection of individ- 
uals united by law under a special name, w’ith the capacity 
of perpetual succession and of acting in many respects as an 
individual. It is n'ganh^d as a distinct legal entity, existing only 
in contemplation of law, and by virtue of Xhv operation of statu- 
tory law.” ^riie i(l(*a of its being a distinct legal entity is a 
fundamental one, establishing several vital points. Thus it is 
that a corporation has a residence' in the state under whose laws 
it is chartered. 
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Kinds of Corporations. — Cla^^sed as to object, corporations 
are known as eleemosynary ^ or devoted to charitable purposes; 
religious, which term forms -the definition; or civil\ including all 
other types. Another distinction is carried in the terms public 
and private, the common example of the public being the municipal 
corporation. * * 

f 

Distinguishing Characteristics. — A corporation is spoken of 
as a distinct legal entity, having an existence separate from that 
of its members. This characteristic is of great value in th(^ 
transaction of business because of the element of permanence 
thus introduced. It is a thing of real value which is granted by 
the state in the act of incorporation. In accei)liiig il, incorpo- 
rators agree to perform some useful function in th(' promotion 
of industrial enterprises, or in some other desirable manner, 
and this mutual transaction or agreement constitutes a contract. 
Every purchaser of stock subscribes thereby to the agi’(‘ement 
made by the incorporators, while at the same time his act of 
purchase and the acceptance of the stock certificate complete 
the formation of a contract between him and the company. 
This contractual relation is well recognized in law, but the states 
have avoided what might be an embarrassing situation arising 
from the constitutional restriction that a law impairing existing 
contracts may not be passed (which would seem to make it 
impossible for a state to take steps to abolish or modifj^ a corpo- 
ration once formed), by passing laws to the effect that no charter 
shall be granted which may not be thus altered or withdrawn. 
This formation of a contract, attested to by the chart(T, together 
with the corresponding agreement between company and 
stockholder, constitutes the dominating characteristic of th(' 
corporatioh. The charter comes directly from the stab', eitlu^r 
by special legislative grant or, more commonly, by action of the 
Secretary of State, or Commissioner of (Jorporations acting und(‘r 
the authority of legislative action. It must be applied for in 
writing and accepted by the incorporators. 

An attendant requirement is that the purposes for which the 
company is formed must be fully stated. This is an element in 
contract writing, since the parties must have a definite under- 
standing of Avhat is being contracted for. The charter serves 
both as the conveyance of right to exc^rcise corporate powers and 
as the memorandum of the agreement. In the former capacity 
it must state the fact of the grant of power and indicate the 
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usual extent and limitations of those powers^ This may be left 
largely to interpretation under the common law, usually under- 
stood to moan that a corporation h^s the right : 

1. To the us^ of a corporate name. 

2. To perpetual succession. ^ 

3. To acquire, hold, possess, and dispose of property in its own 
name. 

4. To appoint officers and agents, and to fix its own rules for 
transaction of its legal business, guidance of officers, etc. 

5. To sue in court* and be sued. 

In the capacity of the. charter as a memorandum of agreement 
it must state the name of the corporation, its object, its principal 
plac('. of business, usually the amount of its capital stock, number 
of shares, amount of money paid in at time of incorpora- 
tion, and sometimes, under state laws, the Tiames of original 
stockholders. 

Formation.- In the process of formation of a corporation, the 
promoters must execute a paper giving all the information, 
including a full statement of purposes, and deposit it with the 
proper state officer. In bona fide business enterprises there is 
some one specific purpose in view, usually one in which some one 
active man has a special interest. Most charters are worded to 
give to the company a wide range* of business, although this is 
carrit'd sometimes to an extreme which is highly undesirable. If 
one watches the public notices of new cor])orations formed he 
will sec statements of purposes which (*mpower the company 
to (»ngagc in every form of manufacturing, mining, buijidiiffe, and 
transportation, with a multitude of intermediate lines of activity. 
Such variety is undesirable, and it is unnecessary on the score of 
making expansion possible, since the courts construe liberally 
in the way of allowing the carrying on of all necessary lines of 
work tributary to the main purpose. This matter of the implied 
I)owers, on tlu* basis of necessity, custom, and usage, is one which 
receives much attention, and definite rules to cover practically 
every possible point are in (*xistence. In the matter of promotion 
expenses, promoters often are h(*l(l personally r(*sponsible by law. 
Many companies never progress far beyond the grant of a charter, 
so that unscrupulous pi'isons might* run up accounts and then 
hide behind a lifeless corporation, wen* it not for such provision. 
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There are many: provisions embodied in the several state 
laws in their corporation acts that should be understood by all 
who are concerned with tljc organization of new companies. 
There is a certain advantage in being incorporated under th(^ 
laws of the state in wdiich the business is to be carried on, or in 
which the principal office is to be located, but sometimes it is of 
advantage to go to some other state. The differences lie mainly 
in provisions as to the holding of meetings of stockholders and 
directors within the state, and in the incorporating fees and 
annual taxes. Another provision, sometimes mandatory but 
more freqiuuitly permissive only, is that for cumulative 
voting at stockholders’ meetings. This is a matter calling for 
explanation. 

Cumulative Voting.- It is usual practice for stockholders to 
have voting power in proportion to the amounts of stock held by 
the individuals- a vote for each share. In the election of 
directors, where several are to be selected, th(‘ holders of a 
majority of the stock would be able, und(‘r the direct voting 
system, to elect the full board, thus leaving the minority of 
stockholders unrepresented. How^ the cumulative system of 
voting operat(*s is best shown by numeiical example^ as 
follow^s: 

Suppose there arc 1,000 shares of stock, 550 being held by one 
group and 450 by^ the other; also that five directors are to be 
chosen. Each share of stock has fiv(‘ votes — one for each direc- 
tor. The cumulative plan provides that a shareholdcir may cast 
one vot(i for each director or all five for any one, or divided in 
any way^^ he chooses between two or more directors. The major- 
ity therefore has a total of 2,750 votes and the minority 2,250. 
If the majority concentrates on three candidates, giving each 
916 votes, they will be elected, while the minority can give 1,125 
votes to each of tw'O others, electing them. If the majority tri(»s 
to elect four, giving them each 687 vot(\s, the minority, by con- 
centrating, can elect three by giving them (‘ach 750 vot(*s. An 
organized minority can therefore place on the ))oard a fair repre- 
sentation, even a majority if the majority of stockholders are 
unorganized or unscrupulous in their attempts to dominate. 
By assuming different figures to represent the division of 
shares of stock, the reader can calculate the possibilities for th(^ 
minority to secure representation on the. board for varying 
conditions. 
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STATE REGULATIONS 

Certain of the states have enacfed corporation laws that repre- 
sent an enlightened and progressi\«e business attitude. Others 
have laws that are lax, calculated to attract organizers who arc 
looking for an ^asy way to launch their enterprise and to avoid 
restrictions by which the more conservative states protect the 
interests of investors. States with the free and easy laws 
are referred to as “bargain counter'’ states. Between the two 
extremes, are states that difTcr materially as to fees, however, so 
that a new concern r^iay properly enough look about for the most 
favorable charter. The following statement of provisions of the 
laws of several states shows the advantages and disadvantages, 
for which statement the author is indebted to Modern Business 
Scries” of the Alexander Hamilton Institute, Volume VIII. 

The chief respect in which state laws dilTer, so Jar as liberality is 
(concerned, is in granting or denying the right to buy and sell the securi- 
ties of other corporations. In 1SS9 Xew Jersey, first of all the states, 
enacted that cori)orations formed under its laws might hold the stock 
of other corporations. ''J'his privilege proved of great importance in 
ihe financial and industrial d(‘velopment of this country. The New 
Jersey act in this respect was followed by Delaware, Maine, and New 
York. In 19111, however, through the so-called “Seven Sisters Law,” 
Xew Jersey attempted to define and make illegal and criminal all 
monopoli(\s and agreements to discriminate, prevent competition, limit 
production, and fix jirices. The great industrial trusts, which formerly 
patronized tliis state when incorporating new companies, are now 
oblig(id to look elsewhere. 

Another feature in which the various states differ widely with regard 
to liberality is the issuance of stock for property. Most corpol'ations 
as now organized turn over at least part of their stock in exchange for 
property, not cash. Some of the states make the estimate placed by the 
directors upon the value of the property so secured conclusive unless 
fraud is clearly shown. Other states hedge this general principle about 
with irritating and usually unnecessary restrictions. Liberality of the 
state laws as to other less important points will be considered by careful 
incorporation, but they are too technical to be discussed here. 

In those states in which the general corporation statutes have existed 
for some years practically unchanged, it is reasonable to expect that 
they are in fairly ■j)crmanent form. Moreover, in such states the courts 
have given a large numl)er of decisions on vital points. Both the 
statutory law and the inter])retation of that law, therefore, may be 
considered well settled. This is a matter of prime importance to large 
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corporations, which may expect, from the very extent of their business, 
to be involved in more or less litigation. They want to know where they 
stand at all times and do not care to be confronted with sudden legisla- 
tive enactments or with unexffected court decisions. For this reason 
the large corporations whicfi had incorporated in New Jersey were especi- 
ally hard hit when the “Seven Sisters Amendmentfe” were suddenly 
enacted. 

The liabilities imposed upon stockholders have already been treated. 
The states of California, New York, and Minnesota impose certain 
liabilities additional to the usual liability on capital stock. These 
liabilities are not apt to prove a serious matter. Yet corporations gener- 
ally look with some alarm at anj'^ provisions of tliis nature. 

For the benefit of readers who may desire to form a corporation or 
who may have occasion to consider the advisability of buying stock of a 
company incorporated in some other state than the one in which it 
docs business, we give below a brief summary of the advantages and 
disadvantages of several states; 

Arizona 

Advantages : 

1. Stock may be issued for money, proi)erty, or services. The fact 
that it can be issued for services may be an important advantage. 

2. Directors’ meetings may be held outside of the state. 

3. The organization fee is very small. The annual franchise tax 
is small. 

4. Cumulative voting is permitted. 

Disadvantages : 

1. Stockholders’ meetings mu.st be held within tlie state, unless at 
the first meeting a by-law provision permitting subs(‘(juent meetings 
outside the state is adopted. 

2. 7''he corporation laws are not thoroughly adjudicated. 

r 

Connecticut 

Many promoters do not care to incorporate in Connecticut, as they 
imagine that the advantages are not great. As a matter of fact, the 
high organization fee is the chief disadvantage. 

Advantages: 

1. Stock may be paid for either in cash or property. The judgment 
of directors is final with regard to the value of the property for 
which stock is issued, except in case of fraud. 

2. Incorporators may be non-resident. 

3. There is no annual franchise tax. 

4. Corporations may hold stock in other corporations. 
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Disadvantages : 

1. Stockholders' meetings must be*held within the state. There is 
no provision requiring the meetii^gs of the directors to be held 
within the state, but this may be inferred. 

2. There is an inheritance tax on the stock. 

3. The organization fees are compjyatively high, from $25 to $2,510. 

Delaware 

Advantag(\s : 

1. Stockholders’ and directors' meetings may be held outside of the 
state, if the b^'-laws sU provide. 

2. Stock may be issu^d for cash, property, or services. 

3. Incorporators may be non-r(‘sident. 

4. (Corporations may liold stock in other corporations. 

5. Provision may be tnade whereby bondholders will be permitted 
to vote. This provision makes a good market for bonds, because 
bondholders will b(‘ assured that they will have a voice in the 
management of the corporation. 

0. Organization fees are not very large, ranging from $20 to $765, 
including filing fees. 

Disadvantages : 

1 . One of the directors must live in Delaware. 

2. There is an inheritance tax on stock, applying both to residents 
and to non-residents. 

3. There is an annual franchise tax. 

Maine 

Advantages : 

1 . Stock may be issued for property, cash, or services. The judgment 
of the directors is conclusive as to value of the property, always 
provided there is no evidence of fraud. 

2. Incorporators and directors may be non-resident. 

3. Directors’ me(*tings may be held outside^ of the state. 

4. The corporation may acquire stock in other corporations. 

5. Low organization fees, ranging from $10 to $517 for a $5,000,000 
corporation. 

Disadvantages : 

1. Stockholders' meetings must be held within the state. 

2. There is both an inheritance and an annual franchise tax ; the latter, 
however, is very small 

Massachusetts 

Advantages : 

1 . Incorporators and directors may be i)on-resident. 

2. Directors' meetings may be held outside of the state. 

3. Stock may be issued for cash, property, or services. 
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Disadvaiitagos : 

1. Stockholders’ meetings must' be held within the stete. 

2. It is doubtful whether ordipar}" corporations can hold stock in otlior 
corporations. 

3. A detailed annual rejmrt must be Hindered to the state authorities. 

4. There is an inheritance tax. , 

5. The organization fee varies from $25 for a $10,000 corporation 
to $1,200 for a $5,000,000 corporation. 


Mew Jersey 

Advantages : 

1. Corporations may hold stock in (»ther non-competitive f*or])ora- 
tions. New Jersey was the first state to authorize* the formation 
of, holding companies. 

2. Incorporators may be r.on-r(\sident. 

3. Stock may be issued for propea’ty or casli. Judgm(‘nt of the* direc- 
tors is conclusive* as to value e)f pre)perty. ’J'he* ce)urts, he>we‘ver, 
liave shown a strong tendenew te) aee(‘pt eire*ii instant ial (‘vide*ne*e* 
of fraud. 

4. Directors' meetings may be* held enitside*. of the state, if by-la ws so 
provide. 

5. Cumulative voting is permitte‘el. 

6. A voting trust, undeT certain ivstrictions, may lu* e*r(‘ate*el. 

7. liaws are all well adjudicated. 

Disadvantages ; 

1. iStockhe)lde‘rs’ me*etiiigs must be lK*ld within the state*. 

2. One of the directors must livej in tlie state*. 

3. There is an annual frane*hise tax; also an inheritance tax, but this 
does not apply to non-resiel(*nts. Fees are* from $25 to $1,(K)0; 
filing fee, $10. 


New York 

Advantages : 

1. Stock may be issued for cash, property, or labor. Labor must be 
distinguished from ‘^sejrvices," though there is no decision explain- 
ing the exact difference. The ajudgment of the directors is conclu- 
sive as to value of property, provided the*re is no evidence of fraud. 

2. Directors' meetings may be held outside of the state. 

3. Corporations may hold and control the stock of other corporations. 

4. Cumulative voting is permitted. 

5. A voting trust may be created, limited, however, to 5 years. 

Disadvantages : • 

1. Stockholders' meetings must be held within the state. 

2. One incorporator and one director must reside within the state. 
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3. One-half of the capital stock must be paid in within a year from 

incorporation. * , 

4. Dctailed*books and accounts of the business arc required. 

« 

'J'he first and most obvious factor to consider in selecting the state of 
incorporation is» the cost. This cost consists of organization fees, 
annual tax'cs and counsel fees. The following tables, copied from a 
convenient manual by Thomas Conyngton, of the New York Bar, 
entitled “Cori)orate Organization,” will give the reader an idea of 
how these* (‘xpenses run in the* five state's which are most commonly 
used for incorjioration by .companies that (*xi)ect to do business in other 
state's; • 

OoMl‘AItATl\ E TaHLE e>F ( )jte;AMZ ATKIN KXPEXSES 
(Ine'lneling all filing anel incidental fce;s) 


apitid slock 
cemipany 

New ! 
Jersey 

New 

Vcirk 

Dchiwure 

Maine i 

i • 

South 

Dakota 

; 1,000 

1 : 

$ 35 00 $ 

10 00 

$ 25 00 

i 

« 27 00 j 

$ 13.00 

fi.OOO 

35 00 

17 50 

25 00 

27.00 1 

13.00 

10,000 

35 00 

20.00 

25 00 

, 27.00 : 

13 00 

20,000 

35 00 ' 

27,50 

25 00 

07.00 j 

1 13.00 

50,000 

35 00 

40 00 

25 00 

07 00 ! 

1 18.00 

100,000 

35 00 ' 

0)5 00 

25 00 

07.00 1 

18 00 

500,000 

no 00 

205 00 

(i5 00 

07.00 

1 23 00 

1,000,000 

210 00 

515 00 

115 00 

117.00 

33.00 

5,000,000 

I .010 00 

2,515 00 

3(*)5 00 

517.00 

113.00 

10,000,000 

2,010 00 . 

5,015 (K) 

015 00 

1,017.00 

133.00 


OeiMPAItATIN E TaIJEE OF AnNUAE FRANCHISE T.-VXES 

- % 


% 1,000 

$ 1 00 

$ 1 50 

S 5 00 

$ 5 00 

None 

5,000 

5 00 

7 50 

5 00 

5 00 

None 

10,000 

10 00 

15 00 

5 00 

5 00 

None 

25,000 

25.00 

37 50 

5.00 

5 00 , 

None 

50,000 

50 00 

75 00 

10.00 

5.00 ; 

None 

100,000 

100.00 

150 00 

10 00 

10.00 ; 

None 

500,000 

500 00 1 

750.00 

25 00 

50.00 ; 

None 

1,000,000 

1,000.00 

1,500.00 

i 50.00 

75.00 i 

None 

5,000,000 

4,000.00 

7,500.00l 

150 00 

275.00 1 

None 

10,000,000 

1,250 00 

15,000. 00| 

1 275 00 

525.00 1 

None 


In those states where taxes and initial fees are small, the necessary 
expense for legal assistane'e is ajit to be at a minimum, for two reasons; 
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first, because the state legislatures obviously an; making a bid for the 
cheap incorporation business and will naturally make their forms and 
the necessar}'^ red tape of ineor})oration as simple as possible; s(*oond, 
because in such states incorpoi^iition ag(*ncies, which carry on their 
business on a whoh'sah* scale, are in existence, and high-pric(*d legal 
tal(*nt is hardly nec(‘ssary. In other states com ix'tent attorneys should 
always be secured, and their fees may be exjx'cted to range from $50 
up. In this connection it may be w(‘ll to nunark also that the necessary 
corporate records, wliich ar(‘ the secretary’s minute book, the stock 
cujrtificate book, and the stockhohh'rs’ registcT, ma\" be obtain(‘d for 
from $10 to $500 j)er set. One of th(’ ch('ap(T s(‘ts is all that is necessary 
for most small coinj)ani(‘s. Th(‘ n'adt'i* now has sufficient data before 
him to form a rough estimate of the expense' necessarily involvc'd in the 
})rocess of incorporation. 

In choosing the state for incorporation, tlu* advantages of hav- 
ing a charter from the stat(‘ in which th(‘ priiicij)al business is to 
be conducted w’ill often outweigh any disadvantages of high cost 
in fees and franchise* taxes. In some instance's, popular disfavor 
may be arous(*d by going to another state, especially if that st.ate* 
has a doubtful reputation in corporate matters. Iloweve'r, wdien 
l)usiness is to be widely scattered, so that license fees for the right 
to do business in S(‘V(*ral states are ])ound to be* e*onsiele*rable, it 
is likely te) be the part of wiselom ami entire*ly he)n()rable* to ine*or- 
porate uneier the hnv that may be fe)und te) he)ld out fave)ra})le‘ 
terms. 


CORPORATE POWERS 

I'ndcr statutory provision, as has been state'el, the* e*orporatie)n 
has tha right anel power to the use e)f a name* anel se^al, te) perpetual 
succession, to he)lel property, to fix its by-huvs and rules e)f pro- 
cedure, to name its offie*ers, to sue in court, to make contracts, 
to issue negotiable paper, anel to i)erform the usual ae*ts of a 
natural person in the^ pre)secution of its business, subject to inter- 
pretation as to w’hat ce)nstitut(^sthat l)usine*ss anel the transactions 
tributary thereto. Jt is evident that much of the ordinary busi- 
ness transacted comes uneier the implieel powers incidental to 
the primary enactments. Dealing wu’lh i)roperty of all kinds, 
borrowing money, issuing bonels are instances e)f such implieel 
powers. So accustomed have people become to elealing with 
corporations that little thought is given to the question, it being 
taken for granted that they can do all that an iiielividual can do. 
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It may be that too little thought is given, since there are certain 
restrictions aftid limitations that Seserve consideration. 

These limitations iall under three* main heads: accommodation 
paper may not be issued; the corporation may not enter into a 
partnershij); aifd, in generai, it may not hold the stock of other 
(rorj:)orations. The last provisioiT is not universal, and the only 
safe course whenever the (piestion arises is to seMairc the opinion 
of attorneys versed in corporation laws in general and those of the 
state issuing the charter in particular. A type of corporation 
that, is l)ecoming increasingly common is the ^‘holding corpora- 
tion/' chartered for t.h(‘ express f)urpose of holding stock of other 
companies. All three* limitations arise from the contract relation 
with the state. A t(*rm in every contract of this kind is that 
stipulating the* character of business to be entered upon. To do 
any of the thr(*e things mentioned is, i)resumably, to engage in 
the affairs of other j)arti(*s. • 

The question naturally arise's as to what happems if a corpora- 
tion eiit(‘rs upon any contract involving such matter as maybe 
outside th(‘ limits of its powers, the other party to the contra(!t 
having acted in good fait h and possibly having actually performed 
its part and so suffered detriment. ITider the strict rules of con- 
tract law, a party can contract to p(‘rform only sucJi acts as arc 
legal. If the act in question is outside the powers of the corpora- 
tion, then it is not l(*gal, and the natural presumption is that there 
is no contract. It is a situation known in legal parlance as 
ultm vires. Adjustment of such cases is often a complicated and 
difficult matter. It is impossible to draw a hard-and-fast, line 
b(*tween acts ]K*rmitted under the implied powers andj^ those 
distinctly outside. Court decisions have establish(*(l, with 
reasonabh* definiteness, two rules applying here: (1) that a 
j)art.y that has received a benefit from the supposed contract may 
not set up as a def(*nse the contention of ultra vires, and so avoid 
compliance on his part ; and (2) that when both parties have fully 
complied with the terms ot the agreement neither can plead 
invalidity of contract as a cause of action against the other. If 
no damage to the parties has resulted, so that it is a case of 
abuse of power only, then it is the state that must act if action is 
to be taken. 

The preceding stat(*ments have b^en juade with the private 
corj)oration only in mind. lOngineers have many dealings with 
I)ublic corporations, however, cspeciallj’^ with nMinicipalities. 
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For such, the discussion can be only in words of advice. The 
man who deals with the public corporation without taking the 
precaution of inquiring int o dlie legality of the enterprise and 
authority under which officials are presuming to act docs so at his 
own risk and with his financial life in his hands. ’ The only safe 
course is to consult a competent lawyer. 

OFFICERS 

Th(‘ affairs of a corporation are administered by a board of 
directors elected by th(‘ stockholders at their regular annual 
meetings. It is usual procedure for the selection^ of officers 
to be left to the directors, but. stockholders ma^" exercise^ this pre- 
rogative if they sec fit to do so. Various mat t.ers of business may 
come up at the meeting of th(' ownt^rs, but actioii takc'n is gener- 
ally in th(‘ nature of establishing policies for tlu' directors to carry 
through. The most imi)ortant meetings are those held early in 
the history of the comiiany, when the by-laws are being framed 
and put into effc^ct. Care must ikhhIs be exercised at this stage 
in the operations. 

The usual officers are t he president, one or more vic.e-presidents, 
secretary, and treasurcT. It is generally agreed that the presi- 
denl shall be one of the directors, but the others need not b(‘. 
The vice-presidents are commonh" men engaged in the* active* 
management of the several V>ranches of the business. 

The powers of officers are such as to make them agents of the 
corporation, and are specifically defined, subject t o interpretation 
under the rules of agency. In this respect there is a cl(*ar dis- 
tincticfrii from the general agency relation which ludds in partn(*r- 
ships. Ohly the designated officials have this power, and that 
according to provisions of the by-laws. It. is the presumption 
that the president, as head of the company, acts always as its 
legal representative, by his acts binding the body. This is, of 
course, limited to those acts coming within the power of the cor- 
poration to do business, according to its charter. 

Officers arc liable for damages resulting from their negligence? 
or wrong doing in office, to stockholders. Directors share in 
this responsibility within the range of action. 

CAPITAL STOCK 

Mention has been made of stock and the tacit aRrccmcnt of 
stockholders. to unite in carrying out the provisions of the con- 
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tract between the company aijd'the state. that the charter 

must state the total amount of* the capital and the number of 
shares into which that capital is divided. 

For the time it will be assumed that the amount of capital 
appropriate W the busiiierjs on hand has been (h^cided upon. 
It is customary to make the ufiit of stock, or the share, $100, 
unl(\ss the project is a small one, or unless it is the purpose to 
adv(U’tis(‘ the stock for sale among the population at large and to 
make it attractive to small investors. In this statement it is 
the industrial eiiterpifse that is in mind. Eleemosynary and 
jcdigious corporations may more frccpiently emi)loy the share of 
small derKanination. 

Stock is of two kinds, common and preferred. That which has 
b(H‘n referred to, to which the original stockholders subscribe, 
is common, and it carries with it the right to share* in all the profit s 
and the surplus of the* companj’, anel to othctf assets in case of 
elissolution. It entitles the holder to a voice in the control of 
the business, which the preferred may not de). Profits, known as 
'Mivielends,’’ are* divieleel pro rata to the holders e)f ce)mmon stock 
aft.e‘r all curre*nt e)bligations have been met and the stipulated 
elividend i^aid e)n the i)referred ste)ck. The re‘pre‘heiisiblc practice 
e)f paying dividends e)ut e)f capital, e)r from the surplus necessary 
for the safe conduct of business, is often resorted to in the 
endeavor to attract investors, but to condemn it seems hardly 
necessaiy. 

Preferred stock is frequently issued, usually for the purpose* of 
bringing in more* working capital without increasing the number 
of p(*rsons in active* charge of the affairs of the company. When 
profits aie large*, this le*aves a larger margin for the. holT^lers of 
common stock, while at the* same time* it is a more attractive* 
inve*stnient. te) the conservative persem who prefers to hole! pre- 
fe*rre*d steick with its j)iior right to profits, even if the return is 
Tiot so great. Dividends, while limited to some stated pt*rcent- 
age* as a maxinuini, are* not guaranteed as is the interest on bonds, 
so that all re*gular e'xpeiises must be i)aid before any returns go 
te) this ste)ck. The full maximum dividend rate inelicateel at 
t he time of issue must be i)aid befe>ri* the common stock can receive 
ce)nside*ration. 

Unde*r ane)ther classification, stock may be* full-paid or it 
may be issued fe)r payments in some* amount below its par value. 
In the^ first case neither the company nor the crctlitors maj" assess 
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the holder for any further amoun,t, which means that a stock- 
holder' is liable only to the pal* value of his stock -for company 
debts, except in a few special qases. The company may sell stock 
below par and ap;r(‘e that it shall be iion-assessable as far as the 
right of the company to call for further payment; is concerned, 
but; creditors may demand fuK paynurit; in case' of insolvency. 
When stock is issued in consideration for the rights of some person 
in a patent, or other means by which he brings to the company 
real value*, the books of the company shoulel show the transaction 
on a definite financial basis, so that this stock may appear as 
fully paid. Stock which is given fen* i)romotie)n rew'ards, or 
as bonus, has a somewhat precarious staneling in tlu* ceiurts as 
re'gards tlic right of creditors to cedle'C't to its face value. 

Wat(‘T*ed stock may be defined as stock which is issuerl at any 
time, for which no real value is paid in te) add to the* plant; e)f the* 
company. It is iesue'd as ^‘full-paid,’' which it is not, the* difier- 
e*ne;e betwe'en it and what of value it doe's re'present, if any, being 
‘Svater.'’ The capital stock of a company e*anne)t be* increased 
without securing from the state e)fficial in charge of corporations, 
a new charter or the necessary change in the stated amount. 

The i)ieceding remarks as to watered stock are not. to be* inte'r- 
preted to mean that stock may never in equity be issued to r('i)re- 
sent property valiK's other than thosi' actually paid in as nc'wly 
invested funds. Stock, either common or prefi'rred, is frecpiently 
issued in lieu of dividends, for the purpose of building up th(' capi- 
tal for extensions of business. Ih'bate as to jnoju’iety of stock 
issue's to covc'i* th(' r(‘inv('sted surfdus, when this surplus 
is w^hat remains aft(*r a r('asonabk' divick'iid has bc^en ile(*lai*ed 
and paid qn all stock originally outstanding, occurs at times in 
the cas(' of public service corporations. It would sec'in unjust 
in such cases to allow stock issues n'pi esc'nting projierty that has 
been acquired through mon(*y (!oll('ct('d in rates from the public, 
e^specially if future' rates w('re to be* adjusted on the basis of their 
being made suffick'nt to inoduce income that will be sufficient 
to pay dividends on th(' additional stock. It looks like a casc^ 
of the public paying rate's that w^e're* unne'cessarily high in the 
first pe'riod, from which the inve*sted sur[)lus was derived, anel 
then being asked to pay highe'r rate's te) furnish a p7e)fit e)n what 
they had contributed to the company. This is a vital matter 
in some instances of rate adjustment, as when value eif the^ 
property is being fixed entirely by a stuely of be)ok valucjsanel com- 
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pany history. It is a matter however, no^ appropriate for dis- 
cussion at this point, but which*will be dealt with in the section 
on valuation of properties. It ^ seems clear that companies 
engaged in private industrial business may issue such stock 
without questh)n, it b(»irig a matter of policy, pure and simple. 
The reason for thus adding to ihe outstanding stock, uj) to the 
actual value of the property, becomes n^al when extensions of 
business are being made. If capital stock is to be incrcas(‘d by 
placing n('w shares on the market, it is only fair that stock- 
holders, under whose • administration of affairs a surplus has 
accumulated, shoufd receive full holdings, so that th(nr control 
shall be proportional to what they bring to th(‘ n(‘w company 
as compared to the sums contributed by the new stockholders. 

Dividends are declared by the directors as condit ions in respect 
to earnings mak(^ thc'in possible and desiraVde. When declared 
th(\v stand as d(‘bts of the corporation to thc^stockholders, who 
may sue for their proportionate amounts. Accumulated surplus 
not apportioiK'd as dividends at time of insolvency goes to the 
corporate cnMlitors and not to stockholders, should it- all be 
required for that [)urpose. WIkmv more than one class of stock 
exists, the dividends may be declanHl for each class separately. 
All dividends must coni(‘ from sur[)lus or net earnings, however. 
This means that the dividend on pref(‘rred stock, commonly 
fixed in amount under the by-laws, cannot be paid unless the 
net earnings are suflicient to meet it. In otluT words, such 
dividend cannot b(‘ treated as interest on bonds, which is an 
expense of operation. Dividends may bo declared to be paid 
either in cash or in additional stock. 

Kefcrence has been made to special liabilities of stockholders, 
the states of California, New York, and Minnesota being men- 
tioned. In general, it should be said that the holding of a share 
of stock signifies only that the holder is entitled to that propor- 
tionate part of th(* assets of a company, or of the profits arising 
from business. Liability of the individual rests upon special 
statute ratlnu* than upon common law principles. One should, 
therefore, be informed, or take steiis to secure information, 
regarding the stat ut es. A well-known jirovision is that holders 
of stock in national banks are subject to double liability, based on 
the par value of shares. In New York, in addition to general 
liability to the full par value, sharehOldcu-s are liable to employees 
for wages due. In Minnesota, all except manufacturing corpora- 
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tions are held to doijble liability,' £is with national banks, in the 
interest of all corporate creditors. In California, stockholders 
are held to unlimited liability^for all unpaid obligations incurred 
while they w^ere stockholders of record. 

Refeii^nces 

Tuckeh’s “Contriicis in KnginoorinK’^ (Mc(Jra\v-Hill Hook Co. Inc.). 
Modern Business Series, volume IIJ ^Alexander Hamilton Institute). 
CoNYNUTON*s “Busiuoss Ijaw” (Ronald Press). 



CHAPTER VIII 


FINANCING THE COMPANY 

The first consideration under this heading is the amount of 
investment that is necessary. At tins point, however, one is 
brouglit face to fa(!e with the fundamental concept of industry in 
its financial phases, and must pause to clear the ground before' 
taking up tlie consideration of the specific question of amount. 

It is the ol)ject of organization of industry, in its broader 
phases, to adapt the specific enterprise to the financial system 
which governs business at the present tinje. The details of 
operations that are to be carried on, and which are bound to be 
inilucnc('d l\v the freedom of action possessed by the company as 
a result of its su(;cessful financing, must be in harmony with th(' 
economic facts. The company is a unit which must maintain 
proper relations with capital, income, operating expense, surplus, 
and profit. Haphazard financing at the outset does not repre- 
sent the best thought in modern industry. More and more it is 
being recognized that careful planning is necessary at this point 
in the building of tlie enterprise. In his famous work on the 
“Wealth of Nations,’’ .Adam Smith laid down the principle that 
“consumi)tion is the end and aim of production; and the interest 
of the produc('r ought to be .attended to only so far as may be 
nccessarj" to promote the interest of the consume^.” *In any 
interjjretation of this statement, it must not be separated from 
the context. The author had been discussing the restrictive 
measures in vogue in huigland at that time, which represented 
an attempt to compel i)eople to purchase articles produced at 
home. The rc.'itrictions applied even to individual cities in their 
relations with other cities in the same country. In much of his 
writing this exponent of economic theory held to the belief 
that, if let alone, men engaged in industry would finally adjust 
themselves to conditions on a basis which would make for sound 
practice. 

The princi})lc enunciated is a vitarone. Someone has said more 
recently that “industry exists to adapt natural products to 
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human usc/^ The tjiought is tlie^ same as that expressed by 
Smith, and in a process of gradual evolution people are now just 
coming to a realization of its, true significance. The need of 
human beings is the foundation motive for industry, just as 
personal needs led to the first steps in barker qnd in trade. 
During the devolopmeni of indiir^try to its pnvscmt complicated 
iorm, there have been two jiarties, capital and labor, claiming the 
right to consideration and to the financial returns, l^he time 
is approaching when the i)ublic, as an interested third party, will 
be recognized as one whose rights an^ to be respected. 

The first interest of the consumer is that liroduction may be 
made possilde. In th(' lang\iage of modern (conditions this means 
that materials must 1)0 producc^d, tlio goods maiiufactur(cd, and 
the same goods delivcncd to convenit^nt (‘enters of distribution. 
The consumer cannot (cxi)ect production to continue under oth(‘r 
than profitable covditions, and hence it is for liis good that 
industrial enterprises should remain on a permanently sound 
basis. This is s(j evid(‘nt that it hardly needs mention, (»xcept to 
emphasize the point that industry cannot be on a sound basis, 
and therefore cannot serve the consuming [)ublic, unless it yields 
an incentive that will en(‘ourag(‘ juoductive enterprises. This 
iiHicntive can be expressed only in terms of profit , or satisfactory 
returns on invest(Hl caf)ital, as w(dl as satisfactory return for labor 
in the form of wages. 

Furthermore, in ord(*r that industry may be* 0]i a sound basis, 
it must be permanent. These two conditions an' nearly synony- 
mous, but the distinction is mad(* in order to emphasize the fact 
that permanency in industry means mon* than the capacity of 
earning^enojigh to pay current profits. The industry must be 
self-perpetuating. Perhaps th(*re is no other element in financial 
dealing with industrial enterprise that is so difficult for p('ople 
generally to appreciate. Profits may be distributed as dividends 
on capital, when s(jund accounting methods are employed, only 
after all the contingencies of the enterprise have been provided for. 
This means that the physical yiroperty must b(^ safeguarded to 
provide the means for replacement as equipment wears out. 
It means that a surplus must be established to provide for the 
rainy day, represented l)y a year of Juisiness depression or mis- 
fortune. Out of income from goods sold must come the funds to 
provide for these contingenci&s. They must be allowed for on a 
definite plan, not by guesswork. When not thus provided for, 
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and the day of reckoning copies when someone must provide the 
funds that arc necessary to •maintain production, it is the 
consumer who pays the hill. Tlw bill which he pays is not alone 
the amount necessary to renew the property, but on all future 
purchases h» must pay the necessary return on an increased 
investment. "J"he last statement may be challenged by some, 
on the sc.ore that the consumer has contributed iho additional 
investment, and need not fiay a ndurn on what he has himself 
supplied, but the critic is reminded that this added investment 
was made necessary b(‘causc the returns from industry were not 
sufficicuit during tfie earlier period to provide* the r(*serves. 

Inac(mvat(‘ work and carel(*ssness in the dettuinination of the 
amount of initial inv(*stm(mt an* thus bound to r(*sult to the 
disadvantage to the* consumer. The* funilamental idea is that 
production is a natural function controlled by definite law. 
Capital has a (l(‘finite part to play to provicU the means whereby 
the necessary op(*iating biciliti(*s may bo install(*d, the physical 
plant (*st ablish(*d, and the (*nterprise supported during the 
initial period when an income is being built up. It is not until 
the business has r(*ach(‘(l a level where* income has assumed 
normal proj^ortions, that the business is r(*ally self-supporting. 
Tp to that time* it is capital, initially invested, which supports 
the enterprise. The total amount of capital n(*cessary must be 
fix(*d with a full and adequate coiisi(l(*ration of all these con- 
tingenci(*s. The* t,(*ndency is to underestimate*. The inexperi- 
ence*d promote*!* s(*es the* necessity of creating the physical plant, 
but is j)rone* to ove*rle)ok the pe*rie)d of struggle during which the* 
busine*ss is l)eing built up to the* pe)int where it is self-supporting. 
As be*fe)re* state*(l, the ivsult is to the disaelvantage,e)f produe*e*r 
and consume*!’ alike, causing an unnecessary increase in the 
cost of gooels. The sa!ne is true* if the eompa!iy is over-capLtal- 
izeel. hather way, the consumer i)ays the i)rie*e, and while 
it may seem te) i!iake s!nall eliffe*rence* to hi!n whether the* high 
prices are* due te) ove*rcapitalization e)r uneleu’capitalizatie)n, in the 
large*!’ ce)ncept e)f l)usiness in the natie)n as a whole, it is e)f great 
i!nportance to hi!n that i!idustry as a whole* be e*apitalizeel aele- 
ep!at(*ly and sane*ly. 


THE TRUE INVESTMENT 

Te) illustrate the state!ne*nts maele in the* pree*eeling paragraph, 
the fe)lle)wing exa!nple is given. A company, j)re*paratory to 
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starting in business,.* issues stock to the extent of $200,000, 
realizing from sale a total of $180,000 clear of organization 
expenses. Of this amount, $150,000 is invested in land, buildings, 
and equipment, on the basis of which bonds are issiK'd to the 
sum of $100,000. This latter sum is inv(\sted .in additional 
equipment and working stocks, tke remaining $30,000 being held 
as working capital. At the end of three years the company has 
reached the point where it is doing business at a piolitablc' rate, 
but an audit of the books reveals the fact that during this 
period it has paid no dividends at all on its $200,000 of outstand- 
ing stock, has s(‘t aside no de])reciation reserve, and r(‘(iuir('s the 
full amount, of funds coming from earnings to balance its accounts 
and hold the $30,000 of w^orking capital with which it started 
business. Its financial statement, ex])ressed in simplest terms, 
would be as follows: 

Assets, Book Limjiutiks 

Physical plant and blocks. $250,000 Slock $200,000 

Cash and oilier current. Bonds. 100,000 

assets. . . 30,000 Depreciation and other 

Resources supplied from reserves 

income 20,000 Surplus.. 

Total . $300,000 Total .. $300,000 

On the basis thus indicated, the concern has b(‘en able to juiy 
its bills and is now doing a good business. I'lu* (piestion is, what 
is the total amount of capital investment? It is plain that th(‘ 
company is in a precarious situation without reserv(‘s or surplus 
in any form. The bondholders are safe, but the stockliokhus 
would ttb styjrt on a forced liquidation. 

The interest, or dividend, on stock has not been paid for the 
period of three years. This would amount, on a (P;<- basis, to 
$36,000. A proper d('preciation reserve may not be in(licat(*d in 
(^xact figures without an extended discussion as to the character 
of plant equipment, but the most conservative^ estimate would 
be at the rate of 4% per annum on $150,000, amounting to 
$18,000. Other resources in various forms should have been 
developed during this time, so as to have cnaited certain (con- 
tingent reserves, amounting, we will say, to $10,000, and also a 
surplus at least sufficient to meet the interest on bonds for one 
year, an item of $6,000. These items total $70,000, which, in 
rough approximation represents the additional amount of 
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investment that should ha^e'been madedn order to carry the 
enterprise tthrough the formative and development stages and 
j)lace it on a footing where it may proceed in an effective manner 
to produce the goods for which it was projected. Hence the 
correct amownt of investment on this assumption would hav(‘ 
been $370,000, so used as to increase earning power with which 
1.0 build up current assets to more substantial figures. 

All items mentioned as assets in the above statements arc 
actual property items carri('d at book value. Nothing is said of 
what became of the '$20,000 stock representing the difference 
betwcM'n the total issu(*d and the $180,000 received in cash. 
Thes(' shares of stock may have been given to promoters in 
return for their actual ser vices and outlays during the promotion 
pc'iiod. The amount indicated would not be an excessive one 
to be (U‘Vot-t‘(l to su(di purposes. Neither has mention been made 
of oth(‘r forms of assets which a manufacturing concern might 
list at tlu‘ end of the successful development period. These arc 
“value of patents, “good-will,^’ etc. It would not be difficult 
for a company management to add such items and convert the 
abov(' simple statement into one showing a substantial surplus, 
merely by adding assets of the character mentioned. Unless 
money has actually l)een paid out for patent rights, however, 
such iiadding of assets would be questionable, if it is the desire 
to (‘X])r('ss th(‘ real status of the business from the standpoint of 
determining what th(' investment has actually been. 

''J'Ik* ol)ject in view in presenting tlic foregoing statement is 
f)urely that of showing how necessary it; is to take careful steps 
to prevent an enter 'prise from going on the rocks during the early 
years of its operation. Investors are entitled to their.return from 
the time the stock is purchased. To consider the amount of 
such divid('nd return in the light of that much additional money 
invested, is not to advocate the reprehensilde practice of paying 
dividends out of capital. At first thought, the two things appear 
to be related, but a careful analysis of the situation reveals an 
important difference. As pictured in this illustration, the under- 
taking is a bona fide movement to build up a successful enterprise. 
Investors have risked their money on the chance of an estimate of 
manufacturing possibilities being correct, and also on the effec- 
tiveness of the management which has been in control. It would 
have been unwise, however great the amount of invested capital, 
for the management to have paid in cash the p^mount of the 
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actual dividend, ever though in justice the stockholders were 
entitled to it. The psychology of the sit\iation would not have 
permitted such actual payment. Purchasers of stock should 
expect that earnings during the hrst years of active operation 
would be turned into the business to make secir.'c their own 
investment. 

Nevertheless, the actual true investments which have been 
made in the enterprise include the sum which might have been 
paid as return lor the use of capital. In determining the actual 
value of the property o1 public utilities lor rate-making pur- 
poses, it has be(‘n held repeatedly by tin* courts that, this allow- 
ance for unearned interest should be made. It is the best and 
perhaps the most specilic designation of what is commonly teamed 
addition for “going conconr' value. 

The question may be raised as to whether allowance* for this 
should b(‘ made in determining the amount of original investment 
that is necessarily made before starting in business. It may be 
argued that it would be impossible to sell securities on values not. 
in existence. It is probably true that it would be imj)racticable, 
and perhaps unwise, to raise the amount as an actual cash sum 
prior to beginning oj)erations. It may be 1x4 ter to 1(4- the 
business continue, hasten the accumulation of property through 
the reinvestment of net income, and then later adjust the inv(*st.- 
ment securities to accord with the actual facts as to value of 
accumulated property. In the illustration which has been cit(*d, 
however, the amount of property accumulated and utilized in 
the business is insufficient. There should have be(*n a greater 
initial allowance for working capital. 

The (juestion would also arise as to the relative* amounts of 
stocks and bonds. Discussion on this point will not be under- 
taken in (connection with this purely hypoth(4i(*.al (company 
statement, but will be treat (xl in detail in succcceding paragraphs 
of this chapter, in api)li cation to the finarncial stat.(*ments of sev- 
eral successful operating corux'rns. 

CORPORATION FINANCE 
Definition of Teums 

Capital. — Th(c term ‘^cajatal’" is used in so many senses and 
relationships that it is better not to attempt to give it an exact 
meaning for use in the present connection. It has become an 
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academic term rather than a specific term.to be employed in the 
interpretation of business finartcial statements. 

A brief discussion on the sigviificance of the thing which is 
usually pictur(?d as capital in the minds of people may not be 
out of place^ however, at this point. The economist defines it 
as ‘‘the sum of the machinery and materials of production.” 
This comes (ilose to the meaning of the term “funds utilized,” 
in which there are included all of the items of property value 
(Miiployed in the transaction of the business, correc^ted for the 
depreciation, so that* only actual current, value of property is 
(considered. Del)jft(‘ would arise over th(' qu('stion of including 
iUmis such as f)atents and good-will. It is obvious that the values 
represented by these items are b('ing utilized in the business, 
and are also a part, of the “capital” employ(*(l. It is cpiestion- 
able whether it should be imcluded as a part of investment, except 
as the l)ooks may show acctual amounts f)aid Jor patent rights or 
other evid(‘nces of pro])erty. Nothing is to be gained by discuss- 
ing tlie intricacies of this (pi(\stion, therefore no att(mipt is made 
to bring the thr(*(‘ terms intodc'finite ndationships with each other. 

It is important, howevcT, that th('re be (hdcTiniiH'd for any enter- 
prise, old or n(‘w, th(* j)roper amount which is to be considered 
as the foundation sum which measures th(» actual monetary 
strength of the (company. ( )n this d(q)ends the security and value 
of stocks and bonds. The jniblic utility interests (witli which 
are included the railroads in th(‘ present interi)retation of the 
transj)ortation policcy of the country) are required to base their 
issues of stock and bonds on property values, thc\se values being 
(letermiiK'd by processc^s which lu'ed special treatment, Init which 
are (piite closely rcdatc'd to the “investment” as th.^t term has 
been outlined in tin* preceding sectitms. 

Wlien this base quantity that is to s('rve as a measure for the 
issuance of c()nii)any paper is determined through a valuation of 
the physical f)roperty, with additions made to the same to give it 
a “going concern ” value, the ivsult may not be in accord with the 
actual book value of inv(‘stment record. There are involved 
in any attempt to reconcile tliese two quantiti(\s — present value 
and investment or book valu<'— such matters as variation in 
costs of (construction at different periods, changes in land values, 
changes in prices oi basic commodities like steel, the reinvest- 
ment of earnings, the question of adet]ua(*y or possible exorbitance 
in the charging of rat('s for service during the past years of opera- 
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tion, effectiveness and honesty in financial administration, and 
other points involved in the conduct of business under such 
management. But if capitalization is to be adjusted on the basis 
of the value of the physical property, it must be agreed that the 
slate is to be wiped clean and that a basic value isj,to be set, on 
which future financial policy is .^o be established. In no other 
way can the public service interests of the country be brought to 
an established basis, so great has been the manipulation of stocks 
in the past, and so varied have been the practic(\s of management . 

It may be that the public has supplied, through unduly high 
rates and tariffs, much of the money that has been applied to the 
creating of ph3'sical values. Contentious debates have l)een 
waged on the question, and some attempts mad(‘ to “unscramble” 
the funds originating in the several wa\\s. Some injustice' 
undoubtedly attends the process of revaluing property on a 
physical basis and jidjusting allowable earnings thereon. While 
the possibilit}’' that this may happen always exists, the fact, 
remains that the public was slow in taking hold of the question to 
prevent itself from being defrauded, if defrauded it was. Anyone 
who has considered this question from the practical standi)oint. 
of the measures necessarj^ to secure a record of true values is 
usually ready to say that nothing better can be done than to t,ak(^ 
the present replacement cost, with proi)er correction for ph^^sical 
depreciation for the period of service, as the basis for an adjust- 
ment of values to guide in future transactions. 

The inclusion of this reference to property valuation at this 
point is incidental to the effort to make it clear that r(‘cognizi*d 
investment values on which th(' owners are entitled to dividend 
returns' may be quite a different thing from the actual amount 
of mone^v which investors have themselves entrusted to the 
enterprise. 

Clandidly, then, capital may not be defined in quantitative* 
terms so as to be of any significance to men dealing with practical 
affairs, although terms used in the nH'asun'inent of capital may 
b(i so defined. 

Capitalization. — “Capitalization” is a term to which has been 
ascribed a meaning as definite as the term “capital” is ind(‘finite. 
It is used to represent the tot.al of capital stock and bonds out- 
standing.^ The word “outstanding” in the preceding sentence 

^ In another sense, capitalization” is user! to indicate the amount of^thc 
capital stock which the corporation is authorized to issue under the terms of 
its charter. 
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must be emphasized. A co’-poration, ^hen chartered, has 
specified the total amount of capital stock which may be issued. 
For all practical purposes, howcvq;r, what is of significance is the 
amount of this stock, both common and preferred, which has 
actually been issued by the company and is h(dd by individual 
owners, togetlier with the bon^s which have been authorized 
over mortgage or debenture, and for which the company has 
received payment. The question of vital importance is th(^ 
determination of the proper amount of capitalization which th(^ 
property of a concern justifies. Three basic methods are 
(unployed in the adjustment of this relationship, and the one most 
appro[)riate is to be decid(‘d upon after a study of the special 
conditions which surround any particular instance. 

The three recognized l)ases for adjustment of capitalization 
are* as fedlows: 

1. The basis e)f actual capital investee!, eu* b\)e)k value. 

2. The physical value of the plant, determined by appraisal 
ane! estimate of reproehiction cost, with proper ade!itie)ns fen- 
ge)ing concern. 

3. The earning pe)wer. 

The first e)f the*se methe)ds is lhore)ughly sound in pi-iiiciple 
when the recorels e)f the e;e)!n])any have* been kept in a sufficiently 
accurate manner to make it pe)ssible to eled, ermine just what the 
inveistments have been. It is the method cennmonly fedloweel 
by relatively small cemcerns which have* little to gain from manip- 
ulative financing. Many impe)rtant companie*s have* followed 
essentially this praeiticc, e*ven though the actual value of plant 
and eeiuipment has grown te) an amount far beyond that Vepre- 
sented in the total issues of stock and bonels. Where this is the 
e^ase it means that the earning power of the company has been 
largely increased, so that the concern has the ability to pay large 
percentage dividends on the relative small amount of outstanding 
stock. 

This possibility leads to a condition that is unfortunate, in 
that a certain amount of public dissatisfaction may be experi- 
enced over th(* payment of high dividend rates. In some cases 
it even encounters specific legislative prohibition, or the equally 
effective prohibition that comes from taxing excess profits. 
We will not stop to inquire at this point whether the property 
values were built up by the reinvestment of earnings wdiich were 
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or whol^lKM* heavy •iM'ohl.s w(Me secured through 
measures which were qu(‘stionaW(\ It may b(‘ taken for granted 
that most of tlu' industrial C()i)C(‘rns hc'n* refern'd to were (mabk'd 
to mak(‘ th(‘ir (warnings through fortunate' market conditions, 
and that me'thods j)revailed which were straightforward and open. 

When such an estaldishment. confronts the* condition wdiere 
heavy payments to stockholders are i)oth possible and r(*asonable, 
on the basis of value' e)f the jnoperty anel its e'arning powe^r, a 
ceunmon receairse' is te) eleclare a ste)e*k eliviele'iid. The object. e)f 
this is mere'ly te) increase the* total amount e)l‘ e)utstaneling stex'k, 
se) that in the elistribution of ne't pre)fils Ihi' pe'rce'iitage' on par 
value of stock will be eliminishe'el. The' ste)e*k divide'iieU!^ eleclare'el 
in the same manne'r as the orelinary elivide'iid. but is |)aiel in ne'w 
stock insle'ad e)f e*ash. Freepiently the stock use*d in j)ayme‘nt 
is a ne'W issue' e)f pre'fe'i re'd ste)e*k Ix'aring a fixe'd rate' e)f iiite're'st , 
the' {)ayme'nt e)f wjjie'h would abse)rb a conside'iable' pe)rtie)n of the* 
earnings to be elistribute'el in the' future'. The incre*ase in the* 
ame)unt e)f stock e)utstanding may be* biought al)e)ut simj)ly by 
de'e'laring a ne'w issue based e)n the ae*tual value's of the* pre)pe'rty 
employe'd in the businc'ss. 

It is assume'd he're* that in all e*ase‘s the're' is actual })re)j)e‘rty 
value* be'hind the* ne*w ste)ck. This brings it l(‘giliinate*Iy within 
the de'finitie)!! of the* first me‘the)d, whe'ie'in the* total amount e)f 
outstanding se'cuiitie's is base'el strictly e)n value*s of prope'ity as 
re've*ale*d by the* pre)pe*rty ae*e*e)unt carrie'd e>n the* be)e)ks. In 
the* e'xaininatie)!! e)f financial state*ine'nts to be* eliscusse-d in the' 
fe)llowing paragraphs, r('f('re'ne*e* will be made* to the* epiantitative* 
re*latie)nship whie'h should be* obse'rve*d be'twe'cn the amount of 
the'se*\s(*e*uri tie's and the* value* of ae*tual prope*rty. 

The se*e*e)nel me'thod eliflers fre)m the* first e)n]y in re*sj)e'e*t te) the* 
process employed in elete'rminiiig the* value* of the* j)re)pe'rty. 
The caj)ilalizatie)n is to be helel te) a justifiable* latie) with the* 
prope'rty value*, as in the* first me'thexl. The* eliflere'iice* is that the* 
value* of the* proi)erty has bee*n ele*te*rminexl b}^ appraisal rathe*r 
than by e*omf)any e*xpe*rie*ne*e* re'giste*re‘el in its e)wn be)e)ks. As is 
w(*ll knenvn, the cai)italizatie)n e)f ])ublie* utilitie*s is elete'rmine'el 
re'gularly by this methoel, but, (*x(u*|)t for purpe)se‘s of sale* e)r 
taxation, it is unusual fe)r the* j)rivate*ly owne*d e*stablishme*nt te) 
(*mf)loy this method of arriving at value's. 

The third me*thoel is one “which has b(*e‘n emple)yeel e*xte‘nsively 
in the* hanelling of industrial ])ropertie's. ArEuments in its 
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favor are slronp, hut thoro need for th('Vmployinont of keen 
diseriiniiiatft)!! between the eleiiumts whi(!h make for value of 
stoek and bonds on exchange* and the* (dements which make for 
the guarantee of the wifety of company pap(*r. 

This methdtl is that of ca{)italizing the earning power. That- 
is, the concern whicli has an earning capacity (jf, sny, $90,000 
f)(*r y(*ar, will pay a G% r(‘t urn on $1 ,(K)0,000. The concern might 
then be capitalized on the basis of the $1,000,000, irrespective* 
of the aciiial amount which had b(*e*n investe'd originally by the 
foun(le*rs of the e*nt;‘rpris(*, and irre*spe*ctive of the* actual value of 
tlie proj)(*rty e'mploye'd. The* situation calls for a l)it of careful 
analysis. From the* standpoint of the)s(* who favor this methejel 
e)f financing, it is well unele*rstoe)el that the* value* of stock is 
elii‘e*ctly (le*pe*n(le*nt upe)n the* e*arning cai)ae*ity. Assuming that 
the* (‘ntire* jimounf of outstanding securitie‘s is in the form of a 
single* issue of ce)mmon sto(*k, take*n thus for the* sake of simplicity, 
tlie* paying of curn'iit divi(l(‘nds that are* above the* rate gi'nerally 
consi(.ler(*(l satisfactory as inte*re*st on le)ans at once causes the* 
stock to sell at a high rate on the mark(*t. If, for any revison, 
Mie* amount e;f outstanding stock is to be* increased, to avoid 
(*xce*ss ]u*ofit tax(*s, or simply to bring the* rate of (livide*nd to a 
r(*as()nabl(* figure*, advocate*s of this method will argue* that it is 
well to go as far as possible* without causing so gre*at a drop in the 
<livi(le*nel rate* as to drive* the* stock on the mark(*t below par. 
Those* who are adjusting the* stock issue from the standpoint of 
the* stock marke*t fedlow this tine of re*asoning. 

Tlie* practice is not to be conde'inned out of hand. \Vh(*n it is 
e*xe*rcis(*el with (*aution, no bad results n(*e*el follow, alt hciigh at 
he*art it is a sj)(*culativ(* proc(*e*ding. It has the* sj>eculae"ive feature 
because* the* valu(*s that are being ele*alt with are* those which 
depend upon the* dividend record of tlie past and on the degr(*e* 
of (;onfiele*nce which buyers of stock may have* in the manage'ment 
of the* coinjiany. The* proposed capitalization is not base*el on 
intedlig(*nt. analyse*s of producing and marketing (*onditiems, or 
the progress of related industries. Any one* of many causes, 
int(*rnal or exte*rnal. compe'titive or favorable, may bring about a 
pronounc(*d change* in the e*arning power that will throw it 
quite* out of harmony with j>ast records. To rc'ason entirely 
from stock mark(*t re*cords is to a^'cejd. busiiu'ss judgment at 
second hand. Confide'iice in the management to sustain the 
e*arning [lower is a elilfere*nt thing from basing apction on the 
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confidence which arises directly* from a first-hand analysis of 
the conditions which affect business. Between the business and 
the trading in securities on the Stockmarket lies human judgment, 
with the tendency toward optimism, which is an expression of 
confidence in the ability of the company management t o maintain 
earning power. 

In brief, strong as is the influence of stock prices as related 
to dividend-paying capacity, and logical as may be the variation 
in significant values of company paper, there is an clement of 
danger in this third method of adjusting capitalization. The 
first duty which the management owes to its security holders 
is that of making safe the investment. This is accomplished 
by accumulating the real property values that stand behind 
stock as well as bonds. It may be said that to place in the hands 
of a stockholder two shares of stock, where previously he held 
but one, with no Additional payment required from him, leaves 
him with the same amount of equity in the enterprise, and he 
would receive just as much on the dissolution of the business as 
if the expansion in stock had not taken place. There is truth 
in this statement., but there is the other pertinent fact that in 
case of diminished earning capacity the value of the two shares 
of stock on the market will suffer more than would the one. This 
fact is not readily explained, but it is true. It is based on human 
nature rather than on the mathematics of the situation. Psy- 
chology figures largely on the stock exchange and the condition 
cited is one of significance. 

Enough has l)een said to indicate the real principle which must 
needs^guide in the adjustment of company capitalization. "J'he 
real basis •which makes for safety is the value of the property 
employed in the business. The three thc^ories discussed rei)re- 
sent three different methods which are employed in arriving at an 
estimate of the value of property. Fundamentally, there is 
but the one consideration. Care and conservative judgment 
must guide in order that confidence ma}' be maintained, because 
on confidence rests credit. Business enterj)rises are successful 
in proportion as they enjoy and utilize credit. It is a thing which 
is closely related to capitalization and to actual property values. 
Numerical analyses which follow^ in succeeding paragraphs 
will reveal characteristic figures for this ratio. 

Stock and Bonds. — The preceding section devoted to capitaliza- 
tion has takon for granted the reader’s knowledge of the general 
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character of these two forms of securities. Capital stock has 
been discussed in the chapter on “Organizing the Company,” 
mainly with reference to the technique of corporate organization. 
'J'he actual amount of outstanding sto(;k, or stock which has 
been actually* issued by the company and for the redemption of 
which it stands liable, may be a very different quantity from 
the total authorized ca])ital stock specified in the charter. The 
actual amount of cash rc^ceived in the treasury of the (company 
for the stock thus issued may differ materially from the i)ar 
value. C'ommon slock has been issued many times purely as a 
bonus to encourage the selling of preferred stock and sometimes 
of the bonds. Practice in this respect is changing gradually, 
and under existing state laws there will be a (closer relation between 
outstanding stock and cash received for it. In the illustrative 
(‘xercise in the first section of this chapter, essentially full pay- 
ment at par was assumed on the outstanding*stock. 

Stock which lias been bought back by the company is no longer 
an obligation to be met and should be held as treasury stock, 
subject to future sale if conditions make it desirable. It is 
uiert paper so far as the* actual statement of operating finances 
is concerned. 

A bond issue is in all significant respects a long-time loan. 
It. must be bas(‘d on actual property values which stand as security 
for the issu(\ Without this security, bonds cannot be sold. 
Hoiids an' designated as mortgage (first mortgage, second 
mortgage*, etc.), debenture bonds, income bonds, special equip- 
ment bonds, (*tc., according to the character and availability 
of tlu* projierty which secures them. The relation between first 
mortgage and second mortgage bonds is exactly tlJb same as 
that which exists between first and second mortgages on a section 
of land. This difference is w’ell understood by all who have any 
knowl(*dgc of financial matters. The value of the second issue 
d(*pends entirely on the margin of value which the property 
poss(‘sses over and above the amount of the first issue. 

The debentun* bond differs from the mortgage bond, in that 
it is based upon what is essentially a promissory note, properly 
executed, but not assigning any specific item of property as 
security. Its vakie depends on the general financial responsi- 
bility of the company executing thc^note. It may be said that 
earning power plays a larger part in securing this type of bond 
than the actual value of property, and this may be. true in many 
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cases. It should bo \in established' policy on the part of a com- 
pany which has issued bonds of tliis character to* provide for 
their retirement out of earninpjs within a comparatively short 
period. 

The income bond is a variety of ])ap(M’ still falther removed 
from actual i)roperty backing. *fn fact, it partakes very largely 
of th(‘ character of preferred stock, without voting power. 

Special ecpiipincnt bonds, as the name inif)li(‘s, are secured 
by speciti(‘d classes of pro|)erty. Kailroad (‘omi)anies are almost. 
th(* only ones which have made use of this form of sc^curity. 
( 'ar equipment bonds have freqiKuitly be(‘n issiu^l for the purpose 
of financing increase's to equipment, the eejuipment itself Ix'ing 
given as s(‘(*urity. 

The Depreciation Reserve. While' el('})reciation is a matter 
of j)rimary coneiern duruig operation, it is ne)t to be ove'Hooked 
in a consieh'ratiem' of original financing. Jt is n(‘e*('ssary that it 
be' unelerstooel fully when studying the' financial state'iue'iits of 
ope'rating cone*(‘rns for the' purpose' of ele'terniitiing signifie*ant 
ratios that may guiele in furnishing the nec*essary ('(luijmie'nt. 
Jt is the reserve to cover depre'e'iation, and its influe'nce on finan- 
cial problems, that are* to be' e'onside'reel at this time, ratlu'r than 
ele'pree'iatiem itse'lf. 

In gene'i’al, depreciatie)n re'pre'sents the (*hang(* in the' value' e)f 
property eluring f)e'rie)els e)f time*. It is a le)ss whie*h takers place 
much mene raj)idly eluring seime* pe‘rie)els than eluring others. 
]Je*avy machine'iy plaea'd em fe)unelatie>ns suffers a e'onsiele'rable* 
loss in value be'cause* e)f the e'Xpe'use* that we)ulel be* invedveel in 
moving it te) any e)tli(*r le)e*atie>n. A law fen- calculating the* actual 
amount. e)i»-the ele*pie*e'iatiem leiss which give's large'r figure's fe)r the* 
e'arly yeais is ai)pre)priate', the're'fe>re,fe)r such classe's e)f juae'hine'ry. 
A rule* meiie* ge*ne‘ially fe)lle)wed, however, is tei assume* the* straight - 
line^ hiAV with a uniform lejss each ye'ar e»f the* eipe'iating life* of 
tlui fnope'ity. ]'\irthe'r than this, re'fe*re*ne*e‘ will neit be* maele* tei 
the me'thoels e)f calculating the actual change* in value*. Jt shoulel 
be note'el, liow('ve*r, that some* type's of i)re)f)('rty, notably lanel, 
may sufler an actual incre*ase in value*, which nu'ans a ne'gative* 
ele'jm'ciation. 

It is clear that in deti'iinining tJie actual amount of funels l)e»ing 
utilizeel at any particular time in the operation of the busin(*ss, 
the figure should be baseal on the true^ value ejf the property 
items at that time. This me^ans tliat. the depreedation re'serve is 
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to 1)0 deducted from the oripnal or book value of inv(\stinent in 
the plant. *This Rives what may be termed the '^present value/’ 
There an' two rnc'thods ('rnployed by ac(!our»tants in taking c.an^ 
of this matt('r. One is t-o adjust the valu(* of the several items 
in the list of ^)rincif)al assc'ts, such as laiildiiiRs and equipment, 
so that 1h('S(' apfH'ar at thi'ir true value's at the time' of preparinR 
the statement. If the* f)lant is ope'ratiiiR ye'ar after ye'ar with 
sliRht chaiiRe* in the amount and Rene'ral characte'r of the eepiip- 
nient, this ine'ans t hat th(' books will show in the prop(*rty account 
a Rradually diminii^hiiiR value'. Hathe'r than do this, e)the*rs hold 
the' pre>pe'rty value's at an ajipreiximately ce)nstant le've'l anel show^ 
a Riadually increasiiiR elepre'e'iatieui re'serve'. This rese'rve'acce)unt 
is a liability, since it re'pre'se'uts an e)hliRation which the company 
must me'e't in any linal adjustment e)f its affairs. In findinR the* 
actual amount e)f funds utilizeel in the' (‘nte'r})ris(' frf)m the' fiRures 
e)f a balance' slu'e't , where' this piactice' is fe)llowe‘d, elepreciation 
re'se'rve must be' di'due'te'el from the' ap})are‘nl value' eif prope'rty. 

The' handliriR of a (l(']n'e'ciatie)n re'se'rvt' is a matte'v whie*h e*ause's 
mue*h ce)nfusi()n in the' minds of the' ine'\p('rie‘ne*e‘d. Any the)URht 
of it as a re*al re'se'rve* sURRe'sts the' ('xiste'iie'e* e)f a sum e)f me)ne'y 
se't asiele for no a])i)are'nt f)urpe)se'. rnele'r some' cire'umstancc's it 
may be* Rood pe)licy actually te» ke'e'p a limite'el ame)unt in rese'i've* 
wlu'ii it is (‘vi(l(*nt from the' cemelitie)n e)f the* e*epii])nK'nt that the' 
time' is near at hanel whe*n e'epiipme'iit ite*ms must be' re']i)lae'e*el, 
maele' ne'e*e*ssary e'itlie'i- by the' e)ld be'iiiR w’e)rn e)ut e)i' haviriR 
be‘ce)me unpre)fitable' be‘e*ause' of impre)ve*me'nts, but this is ne)t 
ofte'ii the' case'. W'he'ii thus actually set asiele' in re'se'rve', the' 
me»ne'y is pre'suniabl> drawiiiR se)me' rate' of inte're'st in the^bank, 
anel it will appe'ar in like' ame)unt e)n the' asse't siele' e)rthe' state'- 
nu'nt, e'ithe'r in the' Rene'ial item of cash e>r in a se'parate* item. 

Hut it is e'viele'nt that tei ke'e'p me)ne'y e)n ele'pe)sit where it will 
elraw but a low rate* e)f inte*re'st is an ine'flie'ie'ut utilizatie)n e)f funels. 
No inelustritd e'nte*rj)rise' can be' e'onsieloreel satisfae'tewy unk'ss 
it is pay i UR mue*h laiRer returns e)n invest ine'ut than woulel be' 
paiel fe)r memey elepeisiteel in any bank e)r trust ce)mpany. The' 
le)Rie'al thiiiR te) elei, t he'refeu'e, is le) utilize' these' funels in the 
buileliiiR up of the' e'epiipment of the' ])lant, e>r the' e'reation of 
more aele'(|uate weirkiiiR ca])ital re'pre'se'iiteel in stex'ks e)f material 
e»n hanel, which re'present jmrchase's.anel conseepient investment 
e)f mone'y at times wdien marke*t ce)nelitions are e'specially 
favorable. 
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This gives rise to the thought that when the reserve is tied up in 
the business it is not available for purchasing new equipment to 
replace the old. In a measure this may be true. The suggestion 
in the last paragraph pertaining to the holding of a limited amount 
in more liquid form was made with this in mindt In general, 
the replacement needs may be estimated for long periods in 
advance and plans may be made accordingly, thus safeguarding 
the situation. Sh(.'uld particular emergency arise, the added 
equipment and material which has been supplied through the 
utilization of the reserve fund by reinvestment in the business 
may be made the basis for a bank loan, probablj'^ at intc'rc'st 
rates not out of proportion to the rates that are being receiver! 
on the money as invested. In these ways, according to the sound 
judgment of those who are in control of operation, the deprecia- 
tion reserve is handled to the best interests of the organization. 
In interpreting financial statements, it. is to be observed that the 
equivalent of the depreciation reserve carried as an item on t h(' 
liability side appears somewhere on the asset side in the guise 
of equipment, materials, or cash. 

In passing, it ma}^ be remarked that various sp('cial reserve's 
are explained in the same way. Reserves are frequently providc'd 
to take care of accrued interest on ])onds or loans, to take carc' of 
interest coming due in the near future, for the carrying out of 
specially designated lines of w^ork, or for replacements and better- 
ments. All such impending expenditures are treated as obliga- 
tions soon to be met. The actual funds from which payment w ill 
be made appear in cash or other items in the ass('t column, such 
as shoirt-tirne investments or securities of other companies readily 
convertible into cash. Successful operation demands that funds 
of this character be retained in a form sufficiently liquid to enable 
the company to meet its obligations without the annoyances 
w^hich are destructive to credit. 

SURPLUS 

In the developing and handling of surplus the company 
manager rru^ets one of his important j)ro])lems. C'onsideration 
must be given here to sev('ral of the qin^stions of policy which 
have a most vital relation to the safeguarding of securities and 
to the development of coufidcmce in the enterprise. A wise 
management must sometimes oppose the stockholders, who are 
interested largely in the size of the dividend declared upon the 
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stock, and who may not hare the vision to foresee the benefits 
that will come from a gradual building up and strengthening of 
the company resources. 

There are several sources from which a surplus is derived. If 
the company^property be revalued during a period of advancing 
prices, and the several items listed at the rates which correspond 
to the purchasing prices of the day, there results a larger total of 
company assets, the same being reflected in the increase of surplus, 
which is merely a difference between the total assets and all direct 
liabilities. The siiine result comes from the inclusion of such 
items as franchise value, good-will, value of trade marks, or other 
forms of intangible elements in the earning capacity of the 
enterprise*. It is possible that in some instances this is legitimate 
practice. A calm consideration of the actual facts in the case* 
will g(*nerally lead one to the conclusion that it is unsound, 
however, and is likely to result in the creation of suspicion. It 
surely does not represent an 3 ^thing which will go far in safe- 
guarding the holdings of the stockholders in ease of stringe'ney 
or suspension of operations. 

Another source of surplus is the selling of plant equipment 
which has been fully covered by depreciation reserves and is said 
to be writt(*n off the books. If depreciation has been handled 
properly, and any item which is technically of zero value on the* 
(rompany’s books actually returns an income on sale, the sum 
thus n^alized is a genuine addition to the assets of the company. 
It appears in cash, accounts receivable, or other evidence of 
property. As before, the amount shows up in the surplus. 

The reall^^ significant source of surplus, however, is .saving 
from earnings. Conservative handling of the affairs <7f a success- 
ful enterprise will always result in the setting aside of some 
portion of the gross profits to surplus. It is impossible to give 
exact estimates of the amount of surplus necessar}" or desirable 
from the standpoint of service in meeting unexpected contin- 
gencies, such as excessive depreciation or the unavoidable losses 
of bad years. Enterprises differ radically in their susceptibility 
to variations of this sort and the judgment of those who are 
intimately concerned with the administration of the business 
must be the guide. 

There is another form of consideration to be given to the 
surplus, which has to do with the utilization of funds when the 
accumulation has passed beyond the sum necessary for equalizing 
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t he variations of the years. In 1,/ie*ear]y years of any enterprise, 
investors are wise to put into effect a policy w^hereby dividends, 
if declared at all, shall be small, in order that the surplus may 
build up rapidly and the property be gradually improvc'd to 
insure incr(*as('d (timing capacity. Many concerliis have been 
built up to j)()sitions of great strength and eminem^e in the busi- 
n(\ss world through the reinvestment of earnings. Sometimes 
this has been carri^Ml to a point where stockholders become 
impatient, but usually th(‘ impatience givers way to a profound 
satisfaction when conditions arise which rev(;al the tremendous 
value which a large surplus has for the stockholders. A striking 
illustration of this is afforded in the record of the Carnegie 
St(*(‘l (’ompany at the' time it was sold to the United States Steel 
( Corporation. In tJu* cases of a gr(‘at majority of t Ik* stockholders 
of that com])any it was undoubtedly true that the' accumulation 
coming from th(' gr^at rvarning power which the nanvested surplus 
possesscal in the concern was vastly gnaiter than could have* been 
r(*aliz(*d by individual stockholders had thtw b(‘(*n handling their 
dividends separately. 

The (question arises as to the* propri(‘ty of issuing additional 
stock for the* proj)erty accumulated through the* reinvested sur- 
plus. 'I1iis lias been a fruitful source of argument and controv(*rsy 
in cas(*s of public and semi-public enteririses, such as the* rail- 
roads. It is clear that where real value exists in the* form of 
plant equipment, there can lie no (piestion as to the* soundness 
of the backing enjoy(*d by such additional stock. In other words, 
this is not ^‘watered ” stock, but is pa])er based on sound property 
values.^ The qu(*stion is merely whether the original inv(*stors 
have the rij^ht to poss(*ss this yroperty and to r(*c(*ive dividends 
based upon it. Xo attempt is being made to carry the* (pi(‘stion 
through to a final answer, but one obs(*rvation is made*, namely — 
to the extent to which the original stockholders sacrifice* th(*ir 
dividends, the reinvestment, of that money through the avenues 
of the enterprise resulting in an increas(*d earning capacity, so 
far may it be said that in all justice those* stockhedelers are 
erititleel tei the re*turns which are a re*sult eif semnel peilicy anel 
gooel judgment. The aetcumulatiem thus justifie*el is far gre*ater 
than the actual amemnt. of the diviele*nels which were sacrificed, 
because the accumulation Juis be*en a multiplying anel redu- 
plicating process, where small beginnings have assurneel large 
proportions. 
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ANALYSIS Of BALANCE SHEETS 

A typical financial statoniont. o^a company, when on(‘ is able to 
interpret it, contiiins much valuable information. It is an index 
both of its oj)erating condition and of the soundness of policy 
which has governed the manafjjumuit. It is important to know 
the ratio of certain liability items to corresponding ass(‘t items, in 
order to (istimatfi th(‘ ability of the concern to meet its obligations. 
These ratios an* to be discussed with r(*f(*renc(* to the following 
typical balance sheet. This sheet, is a close paralh*! to an 
actual st.a1(*m(*nt for an operating company whicrh was in good 
condition. It may be taken, therefore, as a fair index of sound 
practice, illustrative* ol a manufacturing enterprise*. 

Balance Sheet of the XYZ Company 


Assets • 

Heul cstjito jiiul buildings . ... . S d22,0(K) 

Machinery and eciuipnicnt r))i4,200 

Stocks on lumd, raw ... 101,320 

St(K*ks on hand, finished or in jiroce^s 217,250 

Bills and accounts reccuvahle 302,529 

Cash on hand and in hank . 240.402 

Lilx'rty bonds (market value) 10,200 

Sundry inv(‘stinents (>5,400 

Patents and p;ood-\Mll 115,000 


Total .S2. 010, 307 

la VIIILITII.S 

( 'apital Ntoek, common -t? 400,000 

('apital .stock, preferred, 7S 300,000 

h'lrst mortjraKe bonds, 5^’,' 400, 000 

Bills and a<’count.s payable 301,480 

Bond interest due 15. (KM) 

('ontmj!;ent reserves 44,000 

lOmployees’ bemdit fuiul n*M*r\e 20,000 

l)<*preciat ion re.siM-N e 218. 500 

Surplus . . 221,381 

Total . $2,010,307 

For use in further analysis e>f ()])(*rating e*e)nelit ions the* folk) wing 

item from operating ae*e*enmt is apjA'iieleel: 

Annual sales $ 1 , 024 . ()()() 
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It is necessary to define certain terms which are employed in 
dealing with such statements. The first of these is Capital 
Assets. This group includes such property as real estate, build- 
ings, machinery, and patents, in the case of manufacturing plants. 
A holding company, this being a corporation formcvl for the pur- 
pose of holding the stock of other concerns, would class the 
securities of subsidiary corporations in this group. Intangible 
assets, such as good-will, trade marks, etc., belong in this 
classification. 

Another is designated as Current Assets. This group includes 
all the property that could be disposed of without actually break- 
ing up the business. Within it come such items as stock of other 
companies, when control ol those companies is not necessary for 
the primary business, materials and stocks on hand and in process, 
finished goods on hand, accounts, bills, and notes receivable, and 
cash. 

Within the current asset group are included the items of cash, 
ac(‘ounts receivable, and certain others which may be turned 
quickly into cash in case of emergency, the total being known as 
Quick Assets, or sometimes Liquid Assets. The test in this divi- 
sion comes on the point of w'hether the property is of such a 
character that in the event of possible financial stringency cash 
may be realized on it without delay. 

There is the corresponding group of liability items known as 
Quick Liabilities, made up chiefly of bills and accounts payable. 
This should include the item of interest due, as well as other 
obligations which must be met at once in case of emergency. 

Net Worth is found by deducting the debts from total assets. 
Debts includes bonds and other outstanding securities, bills and 
accounts payable, and other current obligations and reserves. 
It is apparent that net worth is the sum of capital and surplus. 
It represents the real amount of interest or equity possessed by 
the investing stockholders in the business. For some purposes 
of analysis, preferred stock would be considered as debt, and the 
net worth of the holdings of common stockholders investigated on 
this basis. Whether this be done depcuids on the character of 
the preferred stock as regards the degree of control which it 
carries. In many instances both common and preferred stock 
are held by the same persons in more or less the same 
ratio, so that the first interpretation of net worth is the more 
significant. 
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Other divisions of the propel^, not so cdmmonly employed as 
those whictf have had specific titles assigned to them, but which 
are, nevertheless, of real significance in analysis arc: 

Funda Utilized, which include the direct property items of 
plant and mafforials, stocks on hand, bills and accounts receivable, 
and cash, less depreciation reserve. The reason for deducting 
the depreciation reserve has been noted in a preceding paragraph. 
It is to be noted that the group includes all of the property 
actually employed in the business, accounts receivable being 
included because it is understood that the company is utilizing 
its credit which is in turn maintained in part by these receivable 
items. Intangibles, such as good-will, are omitted. It may be 
that patents an^ uliljzed in the business to the value of their 
actual cost, but in the sense in which the term is here used the 
item is not considered. 

Plant . — Under the designation of plant are* included the items 
of land, buildings, and fixed equipment at their depreciated value. 
These form a portion of the capital assets. 

Borrowings include bonds, bills and accounts payable, and 
any other item which indicates that funds supplied by an outside 
party are being retained for use in the business. Under this 
definition accrued interest might be includcal, but normally it 
would not be, unless for some reason the payment of interest 
were being delayed for a considerable period of time. 

For purposes of analysis, the items of the balance sheet may 
w(‘ll lx* arranged on th(* following plan: 

Assets 

Kocpivjibles 

(Tliosc constitute quick Jisscts. ) 

Stocks 

Securities and investments 

(’urrent assets 

Plant — fixed assets (less deiircciation ) 

Patents and good-will . 

Capital assets. 


S24(),4(>L> 

302,529 

411,576 

_S4,60() 

.. $1,039,107 

$037,000’ 

115,000 


Total assets 


. $1,791,807 
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‘ LiAUiLlri.iis 

Hills and accounts payable 

U9\ ,48(1 

Bond interest due 

lo.tXK) 

('riiese constitute (juick liabilities.) 

("urrent debt 

. ... * 400,486 

H(‘S(‘rves 

$ (W.OOO 

Funded <lcbt bonds 

400, ()()() 

Total debt 

. . 870,486 

Cainlal stock 

IITOO.OOO 

Sur])lus .... 

2‘Jl.:kSl 

N(‘t worth 

, 021,381 

Total liabilities 

$1 ,701 ,867 

()th(‘r (iiiantities which are of signifi(*aiu‘(' 

in the analysis an': 

bunds utilized 

81,592,26 

Cajiitalization 

. 1,100,00 

Borrow in j^s 

701,48 

Sales 

1,024,000 

On analysis tin* alxive figun's show th(‘ 

following significant 

ratios: 

(^nick lialjilitie> to quick assets 

I'j.K C’l N r 

71 7 

(^uick liabilities to current as.set'' 

;{0 1 

(Capitalization to funds utilized 

60 0 

Borrowings to funds utilized 

40 7 

(Bonds to jilaiit ... 

62 7 

Net Tiorth to plant . . 

144 r> 

Net worth to total debt 

10.5 8 

Net worth to funded debt . 

230 0 

Net worth to capital stock 

132 0 

Sales to funds utiliz(‘d 

121 0 

Sah's to net worth 

. . 200 0 

Sales to plant 

.. 302.0 


Tlic si^:iiifi(’anc(* of th(*s(‘ various rfitios is n*a(lily ai)])ar(‘iil . 
(iuick and current assets, inanifestly, should show ample margins 
over the quick liabilities. Th(‘ figures shown for the l)alanc(' 
sheet in (piestion are cons(‘rvative. 

The ratio of capitalizatio/i to funds utiliz(*d, is low, but 

r(‘presents a conservative busim'ss. It is here that the j)ractice 
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of any concern which sets a high value on mtangible values, such 
as patents and good-will, will .sJiow up to disadvantage. Many 
operating concrerns, sonu' of Ih^un flourishing, are capitalized 
at over 100% on this basis. It inusi be admitted, however, that 
a more moderate' jadicy in this regard is better, and concc'rns 
really sound Tiave h(‘ld the sto^k issues down to figun^s such as 
those r(‘present(‘d in the* illustration. lOach geru'ral principle 
has its exc('ption, how(*v('r, and there' are ceTtain notable' enter- 
prise's in the e'emntry, the value e)i’ whe)se' trade' marks en- good-will 
is a ve'ry real thing anel ame)unts to a e‘e)nsiel('rable pe)rtie)n of the' 
assets which make.fe)!- e'arning ])e)we'r. rnele'r such e*e)ndi(ie)ns it 
is justifiable' to eaipitalize' em that basis. The* e*e)ne*lusie>n is that 
seuinel juelgme'iit must l)e' use'd in assigning a value fen* ge)e)d-will in 
amount such that this nitie) is mate'iially aflecte'd. 

Ile)rre)wings te) funds utilize'd, anel its cie)s('ly le'late'd e*om- 
l)anie)n, bonds te) plant, have spe'cific significajie*(* and it is lU've'r 
safe to allow the' jM'ire'ntage to run al)e>ve se)me such figure's as 
those indicated in the illustratie)n. Whe'ii the* plant ine‘lude*s 
large land he)ldings, the' ratie) might be slightly greater than 
sincte lanel is the* safe'st class e)f pre)pe'rty e)n which te) issue' })()nels. 
Whe're builelings and e'cpiipment figure materially in the te)tal, 
is a bette'T rate* te) e)})se'rve'. Much the same state'ment may 
be* maele with I’e'spe'e't te) the' te)tal of beuTOwe'd funds in ])re)pe)rtie)n 
te) the te)tal funds utilize'd. Tsually the* i)anks may be ilepeneled 
upe)n to se'e* te) it that cre'dit is ne)t e'xte*neled ])e'ye)nd safe* limits, 
but the* [)lai:t exe'cutive' must ke'e'p such facts in mind in e'e)nne‘e*- 
tie)n with his planning. 

The se've'ial ratie)s of ne*t we)rth te) the epiantitie's liste'el may be 
considered in se)me'what the ^anu' e*e)niu'cl ion. It is se'e'ii that fe)r 
e'vt'ry $100 re'pre'sente'd in ce)mme)n anel pre'ferre'd ste)clL\*onibineel, 
there is ne't we)rth te) the' ame)unt e)f 'riu' ratio e)f we)rth to 

te)tal ele'bt is ne)t se) goe)d. The ratie) she)ulel be considerably 
higlu'r te) insure' fre'eele)m fre)ni the elange'r e)f pre'ssure from 
e*r('dite)rs. ^Ve se'e' a situatie)n in the' affairs of this ce)ncern 
wlu're the' total debt $S70,4S0, is gioater than the capital stock 
e)utstaneling, $700,000. .\s the pre)pe)rtie)n e)f ele'bt incre'ases over 

the funels inve'ste'el by the ste)ckhe)telers, the e'e)mpany beconu's 
more' ele*})e'nele'nt lor we)rking capital upon the elecisioiis e)f its 
creelite)rs, anel more susceptible te) pre'ssure in time e)f crisis. It 
is a pe)int that should be watchenl with great care. Many 
e'once'rns show elouble' this ratie). The* ratio of net worth to plant 
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jijives the same indication as bonds to plant, noted in the preced- 
ing paragraph. The ratio, 1441%, is rather low, as 62.7% for 
the ratio of bonds to plant is rather high. Apparently this 
concern is developing its current resources out of proportion 
with the capital assets. 

Comparison based on the amount of annual sales is introduced 
here solely for the purpose of suggesting the amount of annual 
business that a })lant should have in order to justify its invest- 
ment. The concern is here shown to be doing only a moderatedy 
active business, turning its funds utilized only 1.21 times per 
year. The capital stock, common and preferred combined, is 
turned 2.75 times per year. The figures are fairly representative* 
of manufacturing plants turning out various lines of heavy 
machinery and bulk commodities. This group of ratios shoukl 
be very different for other lines of business, however. In light 
goods, and particularly commercial pursuits, the ratio must needs 
he considerably greater than these in order to meet the competi- 
tive situation. 

In order to stud 3 ^ the type of administrative policy that is 
governing any organization, it is necessary to have at hand the 
balance sheets showing conditions year l)y year for a considerable* 
period. This will make it possible to determine with a fair 
degree of accuracy the conditions under which the company has 
been operating, presumably during years which have shown good 
business, as well as bad, in former years. The test of time thus 
serves to give an index by means of which the effectiveness of tin* 
administration of the business may be judged and suitable operat- 
ing ratios established. A statement for a single year fails to 
give tiiis general index, and one business may not be judged 
specifically' by another. Each line of enterprise has its own 
peculiarities as to investment and volume of business, so that the 
operating ratios which have been found for the one balance 
sheet should not be followed too closely in estimating either good 
or bad tendencies in other enterprises. ( General guiding relation- 
ships may be kept in mind, however, and may be made to serve 
when employed conservatively, especially in such a vital ele- 
ment as bonds in proportion to plant. Another typical balance 
sheet representing a reasonably prosperous concern, is repro- 
duced in the section of this book devoted to exercises to be solved 
by students. The results se/iured from its analysis are to be used 
in checking those which have been found for the above. 
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PROCEDURE WITH fHE NEW ENTERPRISE 
• 

In this cq;^sideration one is carried back to the original propo- 
sition in this chapter, namely — the determination of the amount 
of investment necessary for his Inisiness, and how this investment 
shall be reprej^inted by the various classes of securities. A study 
of the practices of various conemms, as revealed in their })alance 
sheets, has afforded guidance to the organizer who considers the 
situation carefully and thoroughly. 

It is to be presumed that the promoter has passed through the 
states of preliminary i)lant design discussed in Chapters III and IV 
of Part 1, or that he has at hand information which has been 
gathered by technical experts. If the marketing campaign has 
b(M‘n accurately project ed, he knows approximately th(' magnit-ud(‘ 
of business to b(‘ undertaken. He should know the approximate 
size of the plant that is to bo constructed, and in n^asonalde 
detail the extent and general character of tly^ apparatus, from 
which estimates of plant cost will be made. This serves as a 
pr(‘liminary guide on which may be based estimates of first needs 
and ultimate bond issues. The amount of working capital 
n('cessary to handle effectively the working force and (establish 
f)ro[)er credits with banking institutions may then be approxi- 
mated. In this the nature, amount, and value oi raw materials 
will figure. Th(‘ faster the goods arc turned, the less the nec(»s- 
sary working capital. 

The table of relative values oi significant operating items for 
50 selected indust ri('s at the end of Chapter II may be referred 
to in this connection, but caution should be exercised in estimat- 
ing on the basis of the figures there given tor ca])ital. It is well 
known that data on capital taken irom the reports of.the V. S. 
Census Bureau arc very unreliable, largely because of the fact 
that maiiufact uring industries have not followed effective book- 
keeping m(‘thods in the past, which would make possible the 
gathering of reliable* information. Figures from this table may 
have a n'al us(*fulness when employed as checks on other esti- 
mates, but beyond this it is not wise to go. 

It is customary to estimate in aelvance the cost of plant and 
related equipment, corresponding to the items of real estate, 
l)uildings, machinery, and equipment in the typical balance 
sheet. In doing this, certain units are adopted on the basis of 
which cost, data have b(*en calculated from past experience. 
The cost of railroads would thus be estimated on the basis of 



214 


MANAGEMENT ENGINEERING 


mileage, the cost per, mile being a, matter on which men of railroad 
experience would be well qualified! to estimate, after a preliminary 
survey. The cost of utility properties may be estimated — 
electric power stations on th(‘ basis of cost per kilowatt capacity, 
water works on th(* basis of (‘ost per million gallons^ per day capac- 
ity, highways on mil(‘ag(‘ corresponding to the conditions on 
railroads, and similarly with various other forms of utility 
improvement. For the general manufacturing concc^rn, the pro- 
moter may have his plant cost estimated on the basis of producing 
a fixed quantity, determined by the demands of the market or hy 
some arbitary ruling: or hv may have proceedcnl on th(' basis of 
number of employ(»es as an index of the size of estj|blishment. 
However this may have been done, experi(*nce is the only guide 
lor the final estimat('. 

With the item of plant cost d(4(‘rmined or seh'ctcHl, he may 
then pass, by iqoans of some of the ratios which have beem 
suggested in the preceding discussion, with an admixtun* of 
judgment and common sense, to a conclusion as to the total 
capitalization necessary. As b(*fore not(Hl, a geiun’ous allowance' 
should be made for working capital. 

It is not to lu* exp('ct('d that the full amount of cajiital will Ix' 
paid in and made* available' at the' enitsi't, and in many instance's 
this weiulel be unwise', ('ve'u if it we're possi})l('. In de'te'rmiiiing 
the relative ameiunts eif common or pre'fe'ire'el steick, as well as of 
bonds, it must be re'cognizeel that a ce*rtain ame)unt must be* 
paid in in cash on the* fe)rm of security that assumes the* risk in 
orde'i* that a start may be maele. With the'se initial funels, fixe'el 
assets must be* se'cureel in the feirin eif land anel buildings, fe)lle»wing 
whie'Ti it niay be* pe»ssible tei secure, first, le*mpe)rarv le)ans feu* the* 
acquiring of adelitieinal property, anel, finally, the* ace*e*ptance' e)f a 
mortgage to constitute the basis for a bond issue. It has been the* 
practice of many e*one'erns to acejuire funels fe)r the^ initial expen- 
ditures from an advance* sale of preferred stock, a eiertain amount 
of common ste>ck Ix'ing thrown in as be)nus with eaedi share of 
preferred. If the ratio thus established between capitalization 
and funds to be utilizeel were to cemtinue, it woulel me^an a eiapitali- 
zation running very high in proportiem to busine*ss. This would 
be the situation in any case for the first years of operation, during 
w’hich time no dividenels on comme)n stock woulel be e^xpected. 
It is here that the proper* use of the suri)lus becomes of signifi- 
cance. By a wise policy of reinvesting earnings in the business. 
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there will ensue a gradual building up until •the value of property, 
of both fixttd and current assets types, bears a satisfactory pro- 
portion to the (capitalization. At this time common stock, if 
issued in th(' mannc^r indicated, would actpiirc a real value. 
It is thus thiit the stockholder may n^ctcive his share of plant 
earnings, (‘ven though he ha?? foregone' dividends through a 
c()nsid('rabl(c period of years in order to build up the 
surplus. 

A more conscTvative method at the start is to stdl both common 
and pr('f('iT('d stock only on payment in cash to the full par value'. 
Should it becoiiK* ('l(‘sirable to issue stocck fastc'r than the monc'v 
can 1)(‘ us(‘d (‘(T(‘ctiv('ly, resort may be had to th(' practice of 
s('lling b('low par, the stock being issued as having one instalinc'nt 
l)aid, ('ach shan' sul)ject to ass('ssments at future tinu's in accord- 
ance with th(' ii(‘(‘(ls of tl»(* Company. This method is successful 
whei’c a relativc'ly small number of int ('rested parties are taking 
th(' slock on a subscription plan, (leneral stock sc'lling to the 
public is raivly succ('ssful, howev('r, unk'ss th(' stock is issued as 
‘Tull paid and non-assessable.” Kv<'n though the full i)ric(‘ is 
not paid, this means that the company cannot colh'ct additional 
payments, ('ven though creditors of the com|)any may collect 
from the holders of such st(K*k up to tlu' [)ar value, or to other 
ratios in accordance with the laws of th(' in(*orporating state 
with res|)ect to stockholders' liability. 

Ill th(* (‘arly stage's of business procedun' it is of th(' utmost 
importance' that ae'e*ounting me'thoels should be* e'stablished that 
shall b(' ade'epiate. A charae*te*ristic feature in successful modern 
busiiH'ss is ae*e‘urate» knowle'dge of conelitions relating to^ costs, 
('apital inve'stments e>n which dividends must be paid to insure' 
the* re'putation of the ent(*rprise, the* mainte'iiance of jiroperty 
that can be insure*d only by a sane handling of deim'ciation 
allowances, as well as all of the matters of routine busiiu'ss pro- 
('(‘dure all elepe'nd upon ae'curate accounting. The modern 
the'ory of cost is that not only the facts, but the reason for the 
facts, shall be at the command of the re'sponsible executive. The 
main reasons for knowing costs are' that e'xe'cutive's may know 
how to pro(*('('d to re'duce them, and that sale's managers may 
know price's at which to se'll. At no time' are these two func'- 
tions of greater significance than during the opc'ning period of 
business. 
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CTTAPTOR IX 

ORGANIZATION AND MANAGEMENT 

A — Executive Control 

The primary object- in organization is controL All considera- 
tions are to be centered around that one primary objective*. 

The guiding element in th(^ d(*t(*rmination of type and form is 
that organization is a means to an end. It is the agent of 
administration, and as such merits attention. 

^J'hese two foundation principles must be kept always in plain 
view. Th(*re is a tendency to overstress organization through 
(‘laborate ])lanning. The means are freque*ntly mistaken for the 
(*nd. What is ne(*d(‘d here, as in all other phases of administra- 
tion, is sane judgment in WTighing the needs of a situation. 
Internal lin(*s of control fix the means of contact of the human 
i actor, labor, with the other factors repres(*nting the material 
side* of industry. This contact must be real and must, be in accord 
with human nature. Control lines wh(*n once set arc not readily 
chang(*d. Clear vision of the aims, and understanding of th(‘ 
natures of the forces to be controlled, are tlu* first requisites to 
success in planning an organization. 

The aims are : 

1. To .syst(*matiz(* o])erations and so fix responsibilities for the 
several members of the operating staff. 

2. To s(*cun* elT(*ctive coordination of effort. 

3. To bring out the best efforts of the managing statT through 
specialization, each in his own field. 

4. To subdivide the work in large enterprises so that the activi- 
ties of each member will be within his power to exercise effective 
control. 

5. To build up morale and friendly relations between workers 
and responsible imunbers of the managing staff. 

Production Principles. — Operation of modern industrial enter- 
prises cent(*rs around tliree firoductiifn principles; standardization, 
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^specialization, and 7n6,ss produciicm,,. The ideal establishment is 
one that is in correct relation to all of these. It may not be 
develojied to the highest degreV‘ of perfection in all, since limita- 
tions of size and scope may prevent, but- it will be in logical 
relation to them. For instance, it is not feasible fot* some' manu- 
facturers to adopt mass productibn. The princi])al j)roduct may 
be of the si)ecial ordc^r variety. Nevertheless, tlan’c' are certain 
phases of production, on parts that have been standardized, it 
may be, or through adaptations of the systc'in emjdoyed in group- 
ing orders and passing matc^rial through the plant, wIk'IC methods 
corresponding to mass production are possil)le. 

It becomes clear, on consideration of this g('neral proposition, 
that large establishments have advantage's. The day of small 
enterprises has passed, generally spc'aking. By this w(' do not 
mean that all i)lants must be huge affairs. In sonic' line's good- 
sized factories arc’^ small compared with good-sizc'd factoric's in 
other lines. They have grown from differc'nt iK'ginnings. But 
in their several degrees of largenc'ss thc'V have' gottc'ii beyond 
the old fashioned small-lown shoj), where* c'ach workc'r performed 
several kinds of work and had pc'rsonal contact with the jiroduct. 
A newc'i* plan for ('ffectivc* coordination of etTort is recpiired, 
which rests uiion good organization of the forces of iiroduction, 
and in which thc'sc' thn*e principles figure' heavily. 

Siatidiirdizatioji has been the* aim of production and designing 
engineers since modern factory" methods had their beginning. 
What at first might seem to be a sirnide matte*!' of c*slal)llshing 
standard screw threads took j-ears of effort by tc'chnical and 
busine^ss organizations to bring aliout. In the wid(*r businc'ss 
world we ■ftill have diverse systems of wc'ights and mc'asures. 
Standard spc'cifications, standard narnc's for machine jiarts and 
tools, a standard general nomenclaturci — these and others arc^ 
ideals toward which industrialists arc* working. Within individ- 
ual plants it has been found convenient, and a common senses 
provision, to fix standard sizes of drawings tog(*th(*r with uniform 
methods of detailing structural parts; to specify tolerances or 
limiting dimensions, thus setting the* limits within which work- 
men must finish parts of machine's or structures that are to lx* 
fitted to other parts; and to enforce' rules to corniiel designers to 
employ standard fastenings, fillets, and symbols in their designs. 
These are matters of technique, in the main, but the management 
still has occasion to give them attention. 
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No single phase of plant ’daBign is of more significance than 
standard equipment. It is often remarked that a plant fitted 
throughout with equipment of second-grade quality is better 
than if fitted with part first-grade and part sec(>nd- and third- 
grade quality. Work(TS on th(j best machines will be compelled 
to be idle at times, waiting for work that has been delayed by 
interruptions due to d(‘f(‘(ds on the poorer ones. Unconsciously, 
perhaps, the production rate will be determined by the poorer 
portions, and delayed still more because of lowcTed morale 
ol the force, caused by idling on the Indter portions. In other 
words, teamwork is imi)Ossible with heterogeneous equipment. 
This is distinctly a matter for the management to guard against, 
and sugg(*sts a provision in the plant organization for a competent 
foreman and cn^w on maintenance and adjustment of operating 
machines. This is nothing new in plants where equipment, and 
process control, as in textile mills, flouring mills, etc., but in 
metal working jdants it was neglected for many years on the 
theory that the operators should keej) their own machines in 
order. In most industries it is givcui l('ss attention than it 
deserves. 

Closely linked with e(|uipment is the setting of standard per- 
formance, or tasks, for workers. Here we confront the debated 
fjuestion of time' studies, motion studies, and the like; also the 
fixing of such matters as depth of cut, feed, and speed for machine 
tool ofM'ratioiis, and (equivalent studies of tools, materials, and 
])roeess peciiliaritii's. The training of work('rs liguivs here, as 
also the (piestion of wage adjustment and other in(^entiv(\s to 
(effort. Th(er(' an* many ways by which the nianagemen> may 
procfM'd. It may roughly guess in the old-time way, which means 
^‘passing the buck’' down the line until the last unit, the individ- 
ual worker, takes the responsibility for methods of production. 
On the oth(T hand, management may assume its responsibilities 
and use trained specialists to s(*ttle methods of work, in which 
l)roc(ess it may go so far as to magnify scientific methods with 
the machiiK' as the ideal, and so lose the cooperation of the worker. 
II(dw('(ui tlu'se two extnMiK's are a multitude of compromises, 
some one of which is best for each case. The problem is to find 
that best method. 

At no other point in the whole ran^c of administration is it so 
necessary for management to remember the simidc principle that 
in exercising control it is dealing with the two forms of energy, 
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mechanical and human. The ol^-i&tylc manager who passed 
the buck” down the lino was ^side-stepping his responsibilities. 
The arbitrary ultra-scientific export makes the more serious 
blunder of neglecting the human element. The pity of it is that 
the term “scientific management^” has become associated in the 
minds of the masses with the latter type of specialist, (^ould 
it but be branded on the souls of men everywhere, in all grades of 
service, that in the scientific control of production forces all 
forces must be considered — that the method of the mechanical 
extremist is not a scicmcT but only a part of one — there w’ould be 
good prospect of coming rapidly to a mutual recognition of the 
true scientific management that would mean co(")perative action. 
Then the worker could and would demand his right to an accurate' 
setting of his task and to the training to enable him to produce 
the maximum with the proper maxiniuni compensation. This 
sounds like Ttopia, but it is a true princii)le of management. 

The third unit in the triparte plan of production is standardized 
product. Standard labor performance with standard equipment 
to turn out standard goods constitutes corrc'ct production (*ontrol. 
This last element is so well recognized that thc're is no occasion 
for extended discaission. It is the basis of the other major princi- 
ples, specialization and mass production. The term does not 
necf'ssarily stand for the highest grade of cpiality, but it. does 
stand for uniformity and the establishment of a constant relation 
with the market. 

S])ccializati()7i and 7?iass production cannot bc' s('|)arated in 
thought in their general asi)ects. The common aim is to incr('as(' 
the pmduction rate. Tn the first, effort is direct'd toward lessen- 
ing the investment of human energy in ju-oportion to output: 
in the second, toward lessening the investment in e(juipment. 
Again it is the union of the mechanical and human ('leiru'nts in 
production, w^hich can never be separated. 

Specialization makes for efficient operation through subdivi- 
sion of labor. Th(^ worker who executes few movements in the 
performance of his task becomes expert in those manipulations. 
His muscles act without conscious effort, on th(‘ part of th(‘ 
brain, in great part, and in certain processes the centers of reflex 
action alone serve to coordinate his moverm'nts. ICvc'u in the 
more complex series of hapd processes, each act serves as a 
stimulus to which the next is the reaction, response being semi- 
automatic and occurring with a minimum of directing effort. 
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This constitutes habit. Und^^ such conditions there is small 
tendency to fatigue of either brain or muscles. Performance 
is accurate and rapid, relatively. It is a favorable circumstance, 
and operating conditions should be so adjusted that both employee 
and employed benefit frorfi it financially. The employee contri- 
butes his physical attribute's and muscular power, while capital 
has provided the (equipment and the organization making this 
personal accomplishment possible. Th(' result is more output, 
or created wealth. 

Rut spe^aking broadly of tlu' whole scheme of production, and 
not of individual case's, there is a limit to th(' increase of produc- 
tive j)ower made possible by specialized methods. The practice's 
of e'arlie'r elays, when workers followed the' manufactured artiede 
through its successive stages anel saw it finished for the use' of 
the purchase'r, ])ut into industry something that w’as worth while* 
anel for which pre'se'nt practice does ne)t make direct provision. 
There* is the ne'e*e'ssity of providing something that will take the* 
place e)f the* stirmilus afforded by former conditions — something t o 
hold uj) the* me)ral(‘ of the working force. It is e)ne' of the maje)r 
problems e)f management. 

It is only wdie'ii the* conelitions e)f mass production prevail 
that sj)e'cializatie)n ])e'e*e)mes really effective* as applied te) worke'rs 
in the e*hiss of machine e)i)e'ratives. Competition in the* markc'ts 
e)f the world e*an be* me't e)nly as goods are turne'el out in such 
epiantitie's that, ineKlern machines may be* e'liiployed te) aelvantage. 
This is te) say that economic i)roeluction calls fe)r the use of labor- 
saving machinery, while it becomes ne'cessary at the same time 
te) emple)y the* machine's fairly continue)\isly in orde'r to prevent 
investme'iit e'xpe'iise fre)m wasting the savings in tabor. The' 
plant must be de'signed fe)r e'ffectiveness in the* use e)f eepiipment. 
anel then e)rganizeel for e'ffectiveness in operatie)n, through a 
control of proelue*t that permits of a ste*aely movement of material 
in epiantity prope)rtionate te) the capacity. AVhat the designe'i* 
forc'saw^ the* oi)erating manager must maintain through an 
e'ffective* organization of fe)rce's. 

While* many of the'se pe)ints p(*rtain te) the general field e)f 
aelministration, it is tliiough organization that effective* results 
are to be securt'il. The re'alizalion of the aelvantages that may be 
secureel by a proper standardization of processes, brought about 
through the development of worke'rs made effect ive by specializa- 
tion, anel by the creative efforts of experts in the various lines, 
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is (iepcndenl upon a fiir-sightod p/>lieyput into offc'ct at tlie incep- 
tion of th(‘ enterprise. It is easier to build new than 'it is to tear 
down faulty structur('s and huird on the ruins. Provision must, be 
made for d(‘velopinent on the living orpanizin theory of industry. 
This theory is bas('d on the simple proposition that Industry is an 
organism, alive and growing, tlie parts of which are mutually 
depend(‘nt on each other. Cajntal, labor, e(pii[)ment, and the 
directive mind of manageiiHuit, all have' their f>laces and ('ach is 
a partiK'r and co-work(*r witli all the' others. Througli correct 
organization, the growth of the plant along lines of symmetry is 
provided for. 

Classification of Industries. Ihdon' attcMupting any formula- 
tion of doctrine, or rule of action, it is n('c(\ssarv, furthermore, to 
recogniz(‘ ccTtain differimces among industries. The same yard- 
stick will not apply to all, obviously. Placing the em[)hasis at 
one point is all right for one jdant bvit all wrong for anotlun*. 
The various functions of designing, of i)urchasing and handling 
of materials, of sel(*cting and ordering the us(' of equipment, of 
directing labor, of s(‘lling, and of accounting all must be 
attend(*d to in vvvry case. Wlaue <‘mphasis should Ik* placed- 
where strong m(‘n arm(*d with major authority arc* most nc*eded — 
is not so el(*ar. 

In any atti‘m])t to analyze* these* ditTe*re*ne(*s, the* distinctive* 
characte*ristics of industrial tyj)e*s must be* r(*cogniz(*d. Praetie*e* 
as ex(*rnplifie‘d by organization ])lans of succ(*ssful e*nt(*rpri.ses 
shows a te*ndency toward c(*rtain forms having a r(‘lation to 
production conditions. What the*se* conelitions ai’e is r(*ve‘al(*d by 
the following classification into four groups: 

Group A . — Industrie»s in which the* raw mate*rial di*te*rmin(*s the* 
character anel, within limits, the quality of the product. That is, 
while equipment and proe*ess and labor are* not without (*ffect, in 
this group of e‘nterprise*s mate*rial plays the major part. Salt 
refining, ordinary lumbe*r mills, raw sugar mills, and canning 
and preserving are* familiar e*xamj)le*s. 

Group B . — Ineluslries in which e*e]uii)me*nt de'ie*rmine*s tlie* 
character and ejuality e)f the* proeluct. Of course, mate*rial 
continues to have influ(*ne*e*, as it always will, as also do labor 
anel proce*ss steps. But we may distinguisli in such activities as 
shoe manufacturing, milling V)f pate‘nte*el cereals, prc^sseel metal 
goods plants, cordage* anel twine* plants, anel many e)thers, 
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conditions wherein labor and lyaterials indst be rnad(‘ to aceord 
with the domands of thc‘ ('(juipinent. Eqiiii)nient s(^ts the*, pace as 
well as quality standards. 

Group C. — lndiistri(\s in which process d('t('rinines the character 
and quality th(‘ produci . This fj;roup shades R^adually from 
th(' one dominat'd by (‘cpiipAient, but there an' distinctive 
diffen'ncc's. Two oil refinc'ries may use essentially Ihe sarm* 
kind of (Hpiii)ment but tlu'ir [)roducts may differ radically. This 
is th(' rc'suh of j)lacinj»: exfu'rts in control — mow who know how to 
control the proc(\ss. l^o it is with th(' (‘oal tar dyc's and a host of 
other chemical iiulustric's, including: cement, p;Iucos(‘, leather, 
bakc'iy ^Oods, and sle(‘l. 

Group 7J. - lndustri('s in which labor (U'tcTmines th(‘ character 
and (piality of th(* product. H(‘re af»;ain th('r(‘ an' gradually 
shadi'd variations, with some difficulty in s('('inj*. just where 
('(piipnu'nt ceas('s to (‘ontrol labor and lal)or Ix'^ins to control 
eciuipnu'iit, but in th(* ^r('at majority of manii)ulative industries 
the ditleiencc' is ck'ar. Fabricated articles, whether in steel, in 
cloth fabrics, in wood, in tobacco, or in k'atlu'r, represc'iit the 
^roup. W(' hav(' h('re tin* d(*mand for hi^h aveiag(' skill amonp: 
work(*rs, as distinmuish('d from the' demand for a f(‘W lii^hly 
traiiK'd din'ctors of |)i()C(‘ss in tlic' pn'CC'diiifz; p^rouj). 

AVIk'ii can'fully consid('red, tlu'sc' dilTen'iicc's are real. Th(' 
atlministrat<»r who has tlu' task of laying out his opc'ratinp; plan 
and assif>:nin^ ])roper nu'n with j)ro])('r d(*^!:rees of authority has a 
difficult task, and tlu're are no set rules that can tak(' the place' 
of sound judj*:m(‘nt and common sense. Tlu' precedinp; statement 
of dilT(*n'nces susj 2 ;<'sts a basis for adjusting:; de'gree's of emphasis, 
howc'ver. 

The Organic Functions. — In Chapter I thc'je was outlined the 
proc('ss by which the simple elenu'ntal or “one-mair’ industry 
('volves into a fully devc'loped one. It is tlu'n' made clear that 
certain organic functions characte'rize every producing enterprise: 
naiiK'ly, Co)drol^ Desiipi, Ktpi/pmcnt, Opcrainui, Muter ml , Sales, 
and i'otupurisou. These* are not artificially chosen divisions of 
production a(‘ti\ itie's; thc'y are absolute'ly nece'ssary and ever 
prese'ut functions to be* iH'rforme'd, whether one wisluvs to do so or 
not, and whether one* recognize's th(*m in the* ae't or not. Whe'r- 
ev(‘r men work to a common purpe)se in pre)eluction, there is 
control of some sort. Somehow, sbmewliore, anel by someone, 
the character of proeluct is determine'el, whether it be the tone of 
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an organ, the form of a ship, the,;5neness of fabric, the mechan- 
ism of a Liberty motor, or the voltage characteristics of electric 
current sold over the wire — and this is design. Soim'thing is 
employed in operation as equipment to be seh'cted and maintain'd. 
There must be operation. There must b(' some' u^atc'rial usckJ, 
either direct or in process, and Inis must Ix' procured in proper 
amount and kind, represc'iit.ing the purchasing function. Nothing 
is produced unh^ss it is sold, even if one sells it. to himself. 
Every product is set to soiiu' standard, as to (juality, amount, 
cost, market demands, or pric(\ and pi-oJ)a])ly to all, and in 
inspection and accounting is exercisc'd th(' function of comparison. 
There is no escape' from any of these seven functions in any form 
of producing activity, whether one man or seventy j)erforms 
them. Th(' converse' in true also, that every act of adminis- 
trative control may l)e classe'd in one' e)r the e)tlie'r. The*y are' at 
the l)asis of every )dan e)f e)rganizatie)n. but the'y need ne)t elie'tate' 
the physical fenin. 

Process steps, or various natural elivisie)ns of the' enterprise, 
may determine the* major subelivisie)ns in the' e>rganizatie)n plan. 
This ma}" be in an}' of the following ways: 

1. Separate'el brane^lu's, se) elistinct that building spae'e must ))e 
located at j)e)ints covering so grc'at an are'a that pre)pe'r contre)! 
dernanels seve'ral superintenelents eir fe)re'men e)f e'(|ual rank 
pe'rfe)rming the' same functienis. ’^riiis cove'i’s case's where' the' 
same j)roce'sse‘s are being pe'rfe>rine'(l in j)arallel, and also the)se 
where succe'ssive j)roe*e'ss steps are be'ing carried on, with mate*rial 
moving from one to the other. It is he're assume'd that the elivi- 
sion is made nece'ssary ])y the physie'al conelition of wieh'ly se'pa- 
rated work, and not by the ne'e-c'ssity feu* spe*cial qualifie-ations e)f 
the divisiem heaels. Tlie lu'ael of the* plate' sho}) in a large* ship- 
building plant may need the same al)ilitie's as does the* lie'ael of 
the shop preparing structural sliape's, but two lu'ads are iiee*e'ssary 
because of the separation of the shops. 'Jdie* same' may be* true* 
of the foreunen of the careling and spinning reioms in a we)e)le'n 
mill, anel, similarly, in many oth(*r prexlucing ae*tivitie's. 

2. Differing type's of we)rk calling fe)r elivisie)n heaels pe>sse'ssing 
specialize'd knowledge and expe'iie'nce'. Idiis is one' of the me)st. 
erommon conditions. It applie's to heads e>f preiminent elivisie)ns 
of large enterprises, occupying officers side? by side* at company 
headquarters. In railroad companies it is customary for officials 
with the rank of vic(?-presielent to serve', one in charge of oi)era- 



OnaANlZATION AND MANAGEMENT 


225 


tion, one on maintenance of way and struct fires, one on mechani- 
cal equipment, one on finance, and one in the legal department. 
Oil producing companies of large size have heads of divisions for 
production of oil and gas (these being sometimes separated), 
for pipe line transportation, for refining, for control of land and 
biases, for legal work, for finance, for geological work, and for 
engineering and construction. Thus it comes about that each 
type of industry has its peculiar needs, calling for men of special- 
ized training and personality to exercise control in the several 
divisions. 

.‘k VnRs of product calling for directors of operations. This 
ap[)(»ars e??pecially in plants the work of which consists of separate 
orders or contracts, each of which must be handh^l as a separate 
job. Shipbuilding concerns commonly have orders for ships each 
differing from the others, calling for a superintendent of construc- 
tion in (diarge of each one. So with bridge *and large building 
construction op(*rations, widely stqiarated Icx^ations demanding 
foremen at the head of organized forces of workers. In many 
large plants the variety of goods produced calls for separate* 
departments, as a matter of convenience and effective control. 

4. The organic, functions themselves, in closely organized 
enterprises, frequently dictate the major elements in organiza- 
tion. 44us is the most representative as well as logical liasis, 
where none of the foregoing special process demands require 
duj)lication. Tsing the customary titles of officials exercising 
these functions, we have: 

Oeneral Mjinager, exercising control in general over all others. 

Superintendent or (Jeneral Foreman, in charge of operation, 
with inspectors performing part of the duties under comparison. 

l']ngineer, Chief Draftsman, Chemist, etc., in charge of tech- 
nical d('sign. 

Master Mecluinic or Plant Engineer in charge of eciuipment. 

Ihirchasing Agent and Store K(*epers in charge of material, 
in conference with designers as to kind and with supiu-intcndent 
as to handling in the plant. 

Sales Manager, in charge of selling. 

Treasurer, Auditor, (^hief Accountant, etc., in charge of general 
record and comparison as a distinct function. 

'Flu* last six are commonly of eipial rank, all subordinate to 
the first, except as limited size of an enterprise*, or distinctive 
personality of some individual, may cause some one person to 
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exercise supervision Over two (xv more branches. In certain 
industries of tlie continuous process variety, such as flour milling, 
paper manufacturing, printing and publishing, knit-goods pro- 
duction, etc., it is customary to merge control, operation, and 
comparison under the one general sui«'rintend(‘nt with subordi- 
nate em])loye«\s working in the several lines. 

A factor that is frequently of gn'at influence in shaping organi- 
zation plans is that of f)ersonali<y. This is likely to occur when a 
company develoi)S Irom small beginnings and individuals of 
special strength and ability have happened io Ix^come associatc'd 
with the eiit('rprise. It is freqiUMitly a source of danger, leading 
to an illogical plan and interh'ring with the training of siil)or- 
dinates to take responsilnliti(‘s. It is an axiom of administration 
that no single individual should become indispensable in an 
organization. Kvcuy ])laTi should be thought out with care, 
keei)ing this idea in vi(‘w along with the principk* of developing 
responsibility in a luie of subordinate's. Consistent policies in 
promotions are lu'cessary adjumds to th(' last mentioned phase. 
Nothing is more detrimental to morah' tlian to have a vacancy 
at the head of one department filh'd by tlie process of extending 
the duti('s of the head of some other (h'partment so that the 
latter person tak('s over the work. It is a blow to (h'partmental 
pride that more than offs('ts any likely saving in salary, provi(h»d 
the original plan was well d('V(‘lo])ed at the start. It. suggc'sts 
favoritisn] and breeds suspicion. 

Coordinating Agencies. I’p to this j)oint th(' discussion has 
Ik'cii along the* lira' of depart mc'ntalizing th(' ('nterprise. This 
tends i^ow^ard th(' attainnamt of all of tlu' five* obj(*cts list(‘d at 
the opening of this chajflcr und('r aitnSj c'xceyfl th(' first tw'o; 
namely, to systematize' operations and to secure coeirdination of 
effort. The Imilding up of depart mc'ntal morale* is of prime 
importance, t)ut, aft(*r all, the jnain purpose is to stimulate 
production, and this is a function of the* (‘ntire establishm(*nt . 
There must be coordination and centralized control. The 
organization j)lan must provide* fe)r this. 

There are various me'ans by wdiich this gene*ral obje*(d, is 
attained. In certain tyju's f)f ineJustrif*s, notably in metal manu- 
facture's in se'lf-containe'd plants, the i)hinning department has 
bece)me a fe'ature. The funed.ion of this brane^h is to analyze* 
orders, arrange* the sequence of ojierations with a vie*w to expedit- 
ing work that calls fen* fix(*el time* of deliveiy, plan jnovement 
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of material so that finished- pijrts arrive di the proper times at 
the assembly floor, prepare such instructions as may be necessary, 
maintain a follow-up systcun, ahd perform such other service 
as the special nature of th(‘ work may demand. It is the nerve 
sysU^m thr()^p;h which tlw' jjicmeral manaKcuiKuit keeps in touch 
with operations. How it ties into th(‘ organization will b(^ seen 
lat(u-. 

The group conf(‘r('nc(* of divisional hc^ads is anothin* measure for 
coordination. In the main its aim is to det(‘rmin(' jxilicies, but 
it may go farthen- into d(‘tails on many points having to do with 
types of product (design) and phas(*s of ojifTation. The con- 
feremee i?iust not 1 k^ left to chance or to the whims and yiersonal' 
converii(‘nc.e of th(‘ ('X('ciitiv(? la^ad. Its duti(\s and functions ar(‘ 
matters to be (hdinc'd cl('arly, as also tin* tilings of na^eting. If 
systematic proci^dure is expected in th(‘ [ilant it must ])e (‘(T(‘ctiv(‘ 
in the offic(‘. 

From th(‘ conf(M(mc(‘ of ex('cutiv(‘s it is but a st('i) to tlu' shof) 
commit t(*(\ Th(*r(‘ an' many (piestions tliat are mutual and 

vital to th<‘ intc'rests of employ*'!*, em])loy('('s, and to the success 
of th(* ent(Tpiis('. Th(' mutuality of int('r('sts calls for coopera- 
tive' control, consisting of a gc'iiuine sharing of the jxiwers of 
manage'inent. This is not granted thi’ough the Ix'neticc'iice of 
th(' ('inployc'r, l)ut is a nu'ans for maintaining a successful business. 
Naturally, all phases of personnel administration come within 
tlu' scofM* of this coniniitt('(‘V dutic's, and this covers many of 
the most vital matters touching the welfare* of the* plant. There 
IS no form of industry to which it may not Ix' appli(*d with bene- 
ficial n'sults, pi*ovid('d there is the r(‘al desire to estayish a 
codpc'rative basis. The* forms taken and the questions coming 
before it differ greatly, of course, among tlx* many type's of 
plants, but there is no inelustrial e'nte'ri)rise' in the world that 
elex's not liave* its jiroble'ins in the aeljustment of working coneli- 
tions, selectiem and training of empleiyees, social anel personal 
welfare, whether recognized or not, and the all-imix)rtaiit matter 
of compensation of labor. All sue*h are* within the range of 
action of some group in which both i)arties are reprc'senteel in a 
free and ope*n manne'r, and which me'ets on a regularly e'stablished 
basis. Its findings, while* not nece'ssarily final, must have a 
definite* status assigned in the sedieme eif ce)ntrol. This must be 
on a dignified anel significant plane, so that serious consideration 
of matters may be assured. Men develop the* practice e)f si'rious 
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tliought as occasion Miakcs its (Jerriand. There must be somc^ 
authority vested in this group, else its meetings are farcical, 
and with authority there must go resp()nsil)ility. These two 
functions can never be separated. 

Divisional Organization. —In ^ cc^rtaiii class(\s of enterprises 
.where opc^ralioiis ext(‘nd over large geographical areas, the iukmI 
for coordination and centralized control has developed a form of 
s(‘Condary organization which makes (‘ach gc^ographical division 
more of a unit than would otherwise obtain. The best illustra- 
tion of this in private industry is the railroad. . In each b'rritorial 
division there are employees from (‘ach of th(‘ main departiiu'iits 
of the central organization, notably trainin(*n, yardm(‘ii, inain- 
tenance-of-way m(*n, dispatcluu-s, and engine and roundhouse* 
men. Kach of th(‘S(‘ groups must operate according to plans 
and methods (‘stablished at the head offices of th(‘ir respective* 
ele*partments. I’ncle*!’ the jdan that has charact.(*rize(l railroad 
administration from the earlie*r days, now called the* “depart- 
inentar’ plan, the division sup(*rinte*ndent e*xercises control 
over only those* groups engage‘el (lire*ctly in the ope*ration of trains, 
nam(*ly, trainmen, yardme*n, and dispatch(*rs. He can se'cure* 
cooperation authoritativ(‘ly with the* oth(*r gioups only by refer- 
ring back to his main de})artment h(*ad, whoconIVrs with the* heads 
of the othe*r departments for the* issuance* of instructions down 
those other lines of (control to thedr men in the* division. 

Of course the unofficial codi)eration that men working side by 
side in the division naturally adoj)! e*nables the superint(*ndent, 
division engineer, and master mechanic to operate harme)nie)usly, 
and lossens the incx)nvenience of re*mote e*ontrol along paralle*! 
lines, but enough of difficulty has be*en e*n count e*re*(l to lead some 
roads to adopt what is called the '‘divisional” form of organiza- 
tion. By this plan the entire elivisional force* is iffaered under the* 
operating orders of the suj)erintenele*nt , the* s(*[)arate gremps 
Ie)oking to their elepartmental chie^fs only for general instructions 
as to methexls and standards jieculiar to their own lines of work. 
(For full discussion of this plan se*e* Me)rris' " Railroad Aelminis- 
tration.'’; A similar plan has be*(*n aelof)te*d by petreffeum 
producing companies whe>se* e)f)erations extend e)ve*r large areas. 

Military Organization. — This discussie>n would not be comj)lete 
without reference to meidern* military organization for armies on a 
field basis. Many writers o?i industrial organization have 
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referred to certain types as heii^g ^'military’' in form, but in so 
doing they kave in mind an ancient form, rigid and inflexible in 
character, and entirely unrepresentative of actual conditions in 
the military service today. 

In modern army organization, the operating basic \mit is the 
division, within which are vari&us t3’^pes of subordinate units, 
each trained for a special service. For the direct purposes of 
control in operations, all arc under the immediate orders of the 
division commaiidc'r ; but for certain standards, such as training 
for specialized work, and in the develoi)rnent of equipment, each 
sp(H!ial service unit looks to its chief of servic^e at general head- 
(piarters for direction and support. Tt is a logical plan, similar 
to the divisional plan in railroad administration mentioned in the 
l)rcceding section, jind is (mtirel^" consistent with the best thought 
in industrial organizalioFi. 

Organization Charts. — In considering fofms of working 
organizations, distinction should be made between line and staff 
types. The first is referred to by many writers as being of 
military form, as noted in the preceding paragraph, although the 
reference to the army plan presupposes a form now obsolete. 
The distinguishing characteristic is a direct line of resi)onsibilit.v 
from the active manager down through the several grades of 
superintendent, assistant superintendent in charge of operating 
branches, foreiiKui in charge of sections of the plant devoted to 
si)ecial lines of work, and gang bosses. Alongside the superin- 
tendent in charge of operation are the various heads of design- 
ing, purchasing, sales, and accounting divisions. The line of 
authority is distinct, the principal difficulty encountered u^itler 
modern nudliods arising from the fact that each intermediate 
member in the chain of officers is compelled to exercise the several 
functions of control, setting the conditions of labor, determining 
standard practice, and directing the general conduct of affairs 
within his sphere of influence. In other w^ords, each officer is 
called u})on to exc^rcise administrative and legislative functions 
at the same* time. The benefits of specialization are not realized. 
It is reasonably well suited to those conditions of production 
that may lx* described under the name of construction rather 
than of manufacturing. 

The staff type has as its distinguishing characteristic the recog- 
nition of specialists who are assigned to the task of setting the 
conditions under which work should be performed. It is some- 
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times referred to as' '‘functionj^J organization, where the term 
implies the exercise of distinct authority over methods employed 
in the performance of definite portions of the work. It is com- 
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monly represented on the cliart l»y the i»lanning department, 
which is composed of persons who are specialists in their several 
divisions. This general plan is applicable, in the main, to concerns 
where true manufacturing under the conditions of standard- 
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ization and mass production, aye being rejllized. The seeming 
criticism coming from the exercise of control by several different 
directing heads over workers is less significant than at first appears, 
when the system is properly d('.v(^loped. A coinlnnation of line 
and staff type# constitutes a4hird classifi(;ation and possesses most 
of the advantages of both of Hit pure systems. It retains in all 
essential n^spects theadvantag(‘sthat come from the specialization 
made possible under the staff system. 

The accompanying diagrams illustrate the first two types in 
conventional form. Following thes(‘ are other charts which 
show actual practice in existing organizations and bring out the 
feat ures of th(‘ combined lin(‘ and staff type. 

Ib'ferring again to the classification of industri(*s outlined in a 
preceding section, it is to be noted that, the four dominating 
agencies ar(‘ raw Tmit (trials, ecpiipment, process, and labor. The 
illustrations wluch follow, and wdn’ch are takcui from actual 
operating iilants, are cliosed to represent these four groups. 
They an* as follows: 

1 . Wool(*n manufact ures to the yarn stage only, wherein stand- 
ardized methods are (Mni)loyed, reim'senting the case where the 
(piality of mat (‘rial fix('s character of product. 

2. Shoe manufacturing, wherein equi])m(‘nt d(‘t(‘rmines t3'’pes, 
styl(‘s, (‘tc., labor in this industry being to a large d(‘give devoted 
to machiru* operation. 

3. Oil refining, whcMein process control is the adaptable factor, 
equipment Ix'ing ojierated under the limitations imposed by 
])rocess (hunands. 

4. Two t^'pical nu't.al goods manufacturing plants turning out 
standardized products. 

The a(‘Companyiiig diagrams present these main features of 
organization. Some study is neces^arv to detect the differences 
ill emphasis on tin* four elements, especiallA* among th(‘ last three. 
In fact, the diff(‘rei;ces ma^^ not be observable except as one goes 
beyond what is sp(‘cifK‘d in the diagrams and notes the differing 
ndationships of work(‘r t.o (‘quipimuit and product. 

In woolen spinning the main problem is to keep the material 
moving to, through, and awa\" from the standardized machin(\s. 
At one point ou\y does the worker influence the character of prod- 
uct materially, and this is in tlie process of mi.xing the wool. In 
this step there is no machine at all, other than for transportation. 



232 


MANAGEMENT ENGINEERING 


In both (1) and (2) the machines dominate the workers. The 
chief difference between them is that in No. 2 the material is ent 
and adapted to the machine and different materials may be 
worked, while spinning machines are adapted to the wool. 
Number 2 calls for a more complex bfisiness organiv^ation because 
of the multijJicily of forms of* product as well as of kinds of 
material employed, (^ost accounting and production records 
call especially for attention, the distribution of expense being 
much more complicated. In this respect Nos. 3 and 4 correspond 
to the second. 
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In the industries represented by oil refining and metal manu- 
factures the workers dominate equipment. They differ from 
each other in the fact that in No. 3 the workers manipulate th(‘ 
apparatus in accordance with the instructions of technicians who 
control the process, or w^ho detect the chemical reactions vital in 
the process, while in the last group the personal skill of tlu^ 
workers is the basic element on w^hich the production manag(‘r 
depends for results. In the chemical industries, therefore, tin; 
technical superintendent, himself a chemist, occupies a leading 
position. But in general manufactures, be it in leather, metal, 
or wood, it develops that business and executive abilities com- 
bined wnth knowledge of the product are the factors which an^ 
most prominent in the control of operations. In the last group, 
therefore, we sec the planning department as the systematizing 
agent in its most complete* development. 

f 

Organization Axioms. — In the light of the foregoing discussion 
one may now inquire as to how the organization of an enterprise 
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shall bo dotcrmined. The exact /Kteps by which he shall proceed 
while* the enterprise is in the* formative stapje are ‘not always 
clear to see. The* [)Osilion of an administrator who is laying out a 
new plan is one in which there is an insistent demand for judg- 
ment and a clear perception of op(‘rating n(*eds. We have see'ii 
how various types of indust ri(\s an* ()rganiz(*d, but this in itself 
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does not always furnish a patt(*rn to which oik* may safely cut in 
fixing on the details for a ik*w en((*rprise. The man who has this 
responsibility must work can*fully, studying in (l(*tail the p(*euliar 
needs of the particular business that is his to deal with. Th(*r(* 
are no absolute* rules for pr(K*(*dure. ( 'ut-an(l-dri(‘d formulas 
arc impossible. Kvery (‘nterj)rise has its own pe(*uliariti(*s so 
that judgiiK'nt and a k(*en busin(*ss s(‘ns(‘ an* n(‘(*(*ssary. The 
following seven princijdes or axioms an* offered as guiding 
thoughts for anyone* who has this task tei perform. 

1. The Motives of the Administration Are Bound to be Bejlected 
in the Organization Ptan. — It has b(*(*n said that any eemipany 
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desiring to establish cooperative relationships with labor can do 
so if the flesire is sincere. The personal characteristics of the 
administrative head will be manifested, not alone as to this 
matter of attitude toward labor but in many other ways as well. 
The use of •technical spc^cialists, the emphasis to be given to 
marketing, policy as to departmental relationships — all arc 
matters which, in their adjustment under the scheme, will 
reveal controlling motives. 

2. Emphasize the Doraiiianl Element in Production. — Whether 
it be material, equipment, process, or labor, the plan should be 
so adjusted that th(^ individual who must take the first responsi- 
bility for the elenu'nt in (piestion shall b(' in his proper relative 
position. It may be that several demands will call for similar 
tr(‘atin(uit , in which case t he purpose will be attained when these 
hav(‘ Ix'en given r(‘Cogniiion on an equal bi^sis. One n('ed not 
shrink from giving an (‘xp('rt the control ov('r process, for example, 
even though his administrative control is limited to the small 
number of men in his own laboratory. 

3. Authority and Responsibility Must Go IIand-in-ha?id. — This 
is th(‘ most fundamental statement in the list, but it needs con- 
tiniK'd ?<q)etition lu'cause it is continually rieglecb'd. Instances 
without numlx'f may Ix' obs(a‘V(xl where operating officials have 
b(X‘n forccxl to take resi)onsibility without having been granted 
the inoper authority, and many others in which ambitious persons 
have accpiired a measure of authority inconsistent with the 
n'sponsibilities which the^" are willing or aide to assume. 

What, is ni'cc'ssary is that every executive shall have frei^lom of 
control in matt (as of j)roc(‘dure, within the scope of the* general 
policy establish(‘d by the central administration. Difficulty is 
Irequently encountered in fixing the authority of the operating 
department head in relation to the duties of others in charge 
of (xpiipment and i)lant service. It is not possible to announce 
any one plan applicable to all kinds of enterprises, but it is essen- 
tial that the question be thought through to a conclusion and a 
(h'finite plan established. It is clear that where there are several 
operating departnumts of equal rank, and efficiency demands 
a, service dey^artrnent., the general managenumt must reach 
farther into the organization. 

This touch(‘s the heart of organization. In large enterprises 
with varical activiti(\s, tlune is ahvays the tende ncy to build up 
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duplicate organizations. We hate* in mind a large petroleum 
company with operating department4S in the distinct branches 
of oil production, natural gas production and distribution, oil 
pipe line transportation, refining, and casing-lu'ad gasoline extrac- 
tion. Each of the five main ppera'ting divisions has large 
amounts of construction work to be done, spn^ad over large areas. 
In several, construction subdepart numts had Ixmui developed, 
while a central construction (U'partinent pi'rforms the work for 
the others. The question, in such a situation, is wladher the 
placing of all construction under the one s(|rvice depart imuit. 
would take away from th(' heads of tlu^ main op(‘rating depart- 
ments so much of control as to interh're with tlu' carrying on of 
work essential at. critical times and places. This servers to illus- 
trate the care necessary in adjusting (legr(‘(»s of authority to lu* 
vested in responsibh* heads of opc^rating divisions. Tlu'ory 
might teach conc(ui*rration of similar work, like the construction 
work just referred to, undt'r one service (h'partment , but the loss 
coming from failure to articulate in a single instan(‘(' might offset, 
the economi(\s of concentration. 

Another case in point is that of divisional organization of rail- 
roads, for th(' purpose of coordinating service* on d(*tach(*(l divi- 
sions. C'an'fully drawn instructions are always n(*(‘essary under 
the plan of control that carries authority to tine* official to say 
when and ivhere work is to be* done, and t(*chnical control to 
another official to say hoir it shall be done. It is not an (*asy 
adjustment to be made*, but the* manag(T who is looking for (*as(* 
in such matters would do better in some oth(*r busiiu'ss. Many 
a situatiion has becfune* tanglcMl because the manager with author- 
ity side-stepped his r(*sponsibility for issuing d(‘finit(‘ly worked- 
out instructions, (ilood organization may not ni(*an an (‘asy 
ascent to (*fficiency lev(*ls, but it do(*s m(*an the* providing of the* 
necessaiy driving power to carry the enterprise* up the* graele*. 

4. Distinguish hetweoi Personnel (\)nlrol and Operating Tech- 
nique, — In industries of Class 4 tsf*(* page* wh(*re* labor pre- 

dominat(*s, methods of work ma\’ be de-signated l)y f)(*r.sons oth(*r 
than those holding administrative* control e)ve*r the* time, pay, 
and general working conditions. This is a erase* of elivieleel author- 
ily, apparently. It sounds like* a bael situation, whie*h it some- 
times is. It all depe*nels upon the fairnerss with which the 
ope'rating plan has be*en eleve*loped, as we*ll as upe)n the wiseknn 
and executive cai)acity of the fejrernen who arci involved in the 
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double function. There is* danger that the plan will be but 
partially \Corked out, extended far enough to create the difficulty 
but not far (uiough to produce the antidote^. 

T). Don't Make Place-^ for Men. — The evils resulting from jdae- 
ing favored persons in respons^)le positions an^ so obvious as to 
need no comment. A corollary almost d(\serving sepaiate men- 
tion is, “When a place exists don’t hesitate^ to put a man in it.’^ 
(iiving one man two jobs may iH)ssibly mean an economy for a 
tim(‘, hut. it. is not lik(*ly that a succ(\ssor is developing who can 
assume the double, duty, and it tends to mak(* the first man indis- 
pensal)l(\ A second objc'ction is that it is bad for morale in the 
department. Th(" road of advancement to the headship is 
blocked in at l(‘ast. oia* of the depart nnuits. 

(). Make All Orgonizolinn Assujnntcnls Dcfimte. — Ev^ery i)lan 
should b(‘ built uf)on a carefully studied outline of opc'rating 
proc(‘dur(\ Drawing a liiu' diagram does not complete an organ- 
ization, although it is a h(‘lp. Fully (hdaihnl instructions as to 
the opcTatiiig plan and the part takcui by each oflicial, with 
limitations chairly <lesignat(‘d, an* necessary. In certain tyf)(*s 
of organizations, wIkti* it might be obligatory to enter into enter- 
prises when* mistakes would be disastrous, the study of processes, 
and (‘ven r(‘h(*arsals, art* essential phases of th(* plan, in ord(*r to 
mak(* sure of harmonious cooperation. This lesson was learned 
in preparing for military op(*rations during the late* war, and there 
is sonu'thing in it that is worthy of the thought of m(*n concerned 
v ith inqiortant industrial ent('rprises, 

7. Be Fair . — Tin* trend of mod(*rn times is toward a relation- 
shi]) in indusiry that recognizes the i)artnership basis as the 
basis promising the most secun* and permanent success. On 
this subject, a volume should ))e written. It calls for organized 
metliods for bringing together the represemtatives of both capital 
and labor for frank and free discussions of (piestions at issue. 
lh*yond this th(*n* may be such provisions for joint action as 
policy and controlling motives may dictate. Labor is past the 
stage wh(*r(* it can lx* fooled, and the policy of writing into the 
organization ])lan a frank and full statement of methods to be 
followed in the ;idjustm(*nt of industrial relations is the only 
method that will stand the test of time. No particular scheme 
is advocated here, but the more ariritrary, but fully understood, 
practice of the past is better than any makeshift method patterned 
imperfectly after the more modern practice. 
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ORGANIZATION AND MANAGEMENT 

B -OpEitATiNO Methods 

In the pr(‘ceding chapter the framework of organization lias 
been dealt with from the standpoint of the general executive 
concerned with the creation of a staff that may function under 
defined limits of authority and responsibility. There remains 
the task of developing a plan of operation, under which the many 
functions of administration may be iierformed. 

In the actual process of organizing an indusl,ry, the analysis of 
these operating functions, here assigned to second place in 
discussion, must be carried out finst. One needs to decide just 
how orders are to be transmitted, who is responsible for originat- 
ing plans, which of the several department heads must unite in 
action in carrying out those iilans, in what ways line and staff 
officials are to unite in the control of operations, how workers 
are to be .selected and trained and their welfare atti'nded to, 
and how the various steps in control of materials, equipment, 
and product arc to be directed, before he can construct the 
organisation chart. It is apparent that the stereotyped form of 
chart, of the kind shown in the preceding chajiter, does not show 
actual ways of doing businc.ss. The lines which connect the 
figures representing officials in the organization an* lines of 
authority, not of actual functioning. They ajipear to indicate 
paths of action up and down the several divisions, as though it 
were impossible to cut across for purpo.ses of compartson and 
coordination It is not possible, on such charts, to show the cro.ss 
lines of contact that are essential to eff('ctive functioning. The 
actual duties of the directing heads of groups and departments 
are not indicated at all. 

However simple the question at i.ssue may be, persons in 
different parts of the plant arc concerned with it. It may be a 
bit of steel to replace a worn part on a repair job. ITie workman 
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on the job asks his foreinarrf<^ an order on the stock room. In 
supplying the material there wiU arise questions of quality for 
the designer; questions of purchase if special quality is demanded ; 
stockroom records; methods of work in machining the article and 
giving it th# necessary heat treatment; timekeeper’s records; cost 
accounting; inspecting, and final assembly. It must be decided 
who is the one to originate the order — whether the machinist 
actually on the job, whose time will be diverted from his task 
while questions of kind and supply arc being settled, or a clerk 
from the order of work office, or a member of the designing staff; 
what route the order for material shall follow; who shall inspect- 
the worlv, and when; who shall select the tools to be used; by 
whom the records shall be kept. Or it may be t he development of 
a new class of product- - a new style of shoe, a brand of paper, an 
improvement in an automol)ilc motor, a new type of st.earn tur- 
bine. The suggestion for improvement may come from the 
salesman on the road, from a workman in the shop who has seen a 
chance for better construction, from a designer or chemist, or 
from the chief executive himself. Who shall develop the idea; 
what department heads should be in conference; how extended 
shall be the experimental ion; how shall the development costs be 
distributed; how authoritative may be the decisions from con- 
ference of designer and purchasing agent on available materials 
and market prices? Every significant step in the process work 
calls for th(» exercise of some sort of action b}" an individual in the 
organization, which action bears upon some other individual in 
the exercise of his duties. Smooth running of the producing 
machine demands that such contacts be provided for. ' To do 
tiiis is to laj" out the plan of management, for which the organiza- 
tion is t o be adapted. 

In addition to tlicsc matters of operating technique are other 
phases of administration. The successful handling of personnel 
calls for definite planning. Policies for hiring, assignment to the 
various classes of work, training, maintenance of personal records, 
lu^alth and sanitation matters, social and living conditions, must 
be established. A plan of wage adjustment is to be determined 
upon and provision made in the organization for carrying it out 
consistently. Some of these questions have been considered in a 
general way in the preceding chapter, but now the actual 
operating program is to be settled upon. 
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MANAGEMENT FIPNBAMENTALS 

Modern management methods are a natural outgrowth of the 
general advance in industry which has taken place since the advent 
of the steam engine and the power spinning frame and loom. 
Those early developments marked the beginning of a type 
of transference of emphasis from human energy and skill to labor- 
saving equipment, which has advanced steadily through many 
stages. The habit of studying the possibilities o\ advancement 
in method became fixed. At first the planning of improvements 
was confined largely to mechanical elements. From there the 
work passed graduall^y into the finer stages of apparatus perfected 
to secure effective adjustment of process to product, and finally to 
the task of coordinating the entire mechanism of ])roduction 
through the control of all the factors. The personal skill of 
workers in handicraft has been transferred to manipulative* 
dexteu'ity, while the range of management has (*xt(*nde(I to cover 
the human problem of coordination. This means that those* 
exercising executive contred have applie*el ek*signing skill in aelapt- 
ing the movement of material and attendant la))or 1o refine*d 
equipment, so as te) secure eflie*iency of the higlier and mem* 
complete seu't. It has de*mande*el consistent ])lanning base*d e>n a 
study e>f all of the facte)rs. material and human, which affect 
econeimic f)roduction. 

The outcome has l>e‘e»n the throwing of re'sponsibility on tliat 
part of the managing staff that has te) do with the* eh'tails e)f 
operatie)n. A re‘alization e)f this fact e*ame win*!! it was (le*mon- 
strated that care‘ful planning e)f work sch(*(lule*s and scie*ntifie*ally 
conelurteel studies e)f methe)els e)f doing wen-k yie'lded n()tal)le 
results in increasing j)re)duction and reducing eM)sts. It was 
heraldeel as a new eh'parture*, when in re*ality it was only a 
developing phase e)f mode*rii industry, which had b(*en advancing 
steadily through the transfere*nce e)f skill e)f wenk(*rs te) suce*e*ssive* 
agencie*s in the pre)ducing mechanism. Kather than apply any 
coineel phrase like ^^scientific management” it is better to recog- 
nize in it the application to managf*ment e)f the same e^emstructive 
skill which had characterized aelvancf*ment in othe*r line*s. 

The primary fundamental in management is, lhe‘re*fore, con- 
sistent planning according to methoels e>f scie*ntific analysis. 
This means that every faetpr is to be taken into account. In 
the words of the report of the Committee on Administration of 
the American Society of Mechanical Engineers, i)rescntcd in 1912, 
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“The prominent clement in present-day industrial management 
is the rnetital attitude that consciously applies the transference 
of skill to all the activities of industry/’ 

In the same report this committee goes on to say: “The 
regulative principle of nmnagement along scientific lines includes 
four important elements: 

a. Planning of the processes and operations in detail by a 
sjiecial dc'partment organized for that purpose. 

/>. Functional organization by which each man superintending 
th(^ workmen is lesjionsibh' for a single line* of (‘ffort. This is 
distinctl^v o])pos(Ml to the oldcu- tyjie of organization where every 
man in th(‘ manageimuit is given a combination of executive, 
l(‘gislative, and judicial functions. 

c. Training th(‘ worker so as to require him to d^each jol) in 
what has Ixhui found to be* the best iiudhod of operation. 

(I. Equable paynnuit of the workers, based on quantity and 
(piality of outi)ut of each iinlividual. This involves scientific 
analysis of (‘a(!h op<Mation to determine the proper time that 
should be recpiired for its accomplishment and also high payment 
for the worker who attains the standard.” 

A car(‘fully prejiarc^l artich*' ajipc'aring at about the same' time 
carrit's a somewhat mor(' t(TS(‘ statcuiumt. of the principles of 
manag(‘ment, as being: 

1. Tli(* systcunatic us(' of exp(*rience, the instrument of which 
IS VO tti pari son, 

2. The economic control of effort, which is exi)eri(mce in {iction. 

3. The promotion of personal effect iven(‘ss, tlu^ conditions of 
which an^: 

Th(; individual worker must fe(d leadc'rshij). 

lie must have adequate encouragement and reward. 

lie must be jdiysically fit. 

He must weak under good physical surroundings. 

He must rt'ceivc a definite allotment of responsibility. 

Thes(' two stateiiH'nts unite in emphasizing two distinctive 
points. (.)n(‘ pertains to organization type, to the effect that 
provision should be made* for functionalizing exc'cutive control to 

^ Jiy Chttrch iiiul .Vlfoud, in .4?wmcan Machinist^ May 30, 1912. 
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secure the advantages of stand;!Lrdization and specialization; 
also to provide for systematic planning of operating methods. 
The other is a matter of motive and policy in attending to human 
needs in accordance with the mandates of justice. 

In the yc'ars which have intervened since the attention of 
industrial executives was turned’' toward advanced methods of 
management, various doctrines have run tlieir courses. In 
this, as in otlu'i* phases of human endeavor, the* doctrinaire has 
come forward with his theories and then givcui way to a more' 
sane standard. The advocate^ of system pinned his faith to 
numerous accounting and regulative scIu'Iik's \vherein mut.i- 
colored cards and forms held conspicuous place. To' such, it 
appeared that with a suffichuit number of counts and chc'cks the 
industry would run smoothly with the curr(‘nt . They overlookcMl 
the rocks lying just below the surfac(‘. Following those, then' 
arose the advocat(»s of an indepiuident ix'rsoniK'l (le))artnient . 
wlio saw in a specializi'd treatmcuit of the work(‘r th(' solution of 
human ills in industry. But in a ratlu'r notable a))andonm(*nt 
of the j)ersc)nnel depart rmuit in r(*c('nt years it has st‘(‘m(*d that 
opinion has come to view, with a considerable nu'asure of suspi- 
cion, the uncoordinated activities of a group of s})ecialists whos(* 
interests are other than the i)roducing power of the plant. This 
does not argue that the intei'(‘sts of work(‘rs are held in less esteem, 
but rather that problcaiis of personiud an* a f)art of manag(*m(*nt 
not to be separated too wid(*ly from the* (‘xecutivc* control of 
production. 

The difficulty with th(*s(‘ specifics in the hands of th(*ir devot(‘(*s 
is that fhey are substitutes for true human l(‘adership. Heal 
advance in the art of manag(*ment comes from an adjust m(‘iit of 
the mental attitude of industrial executives toward the combina- 
tion of material and human factors in i)roduction, rath(*r than 
from the addition of new agencies. This attituch* has Ixu'n 
developed in many places, and properly coordinated methods of 
dealing with personnel problems retain t.h(iir standing. As one 
prominent industrialist^ has recently" said : “ It may be mentioned 
in this connection that the results accomplished through the work 
of our employment, medical, and safety departm(*nts hav(; Ix^en 
most gratifying through reduction of labor turnovcT and the con- 
servation of health and human life among the employees, and 

^ Eugene G. Git ace, President of Hot hleljoin Steel ('onipany, in Personnel^ 
May-June issue, 1921. 
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wc aim constantly to go forward in this work to the end that our 
plants may* furnish safe, healthful, and amicable employment.” 

Another^ says: We have found that it pays, and pays well, in 
mutual satisfaction and production, to give as much and as close 
attention to llie human as to the material side of industry.” 

Alongside of scientific planning there is now placed leadershipy 
the two standing as the primary fundamentals in management. 

This statement of principles and policies forms the groundwork 
for an analysis of the detaikid steps to be followed in organizing 
an enterprise for successful operation. Absolute rules cannot 
be laid down to fit all the varjdng natures of undertakings in 
the indusfrial field, but the more outstanding may hv outlined. 
In part, the analysis may scTve as a basis for setting up correct 
combinations of administrative units in a formal organization 
scheme, but more particularly it will deal with the functioning 
of members of the management staff whose positions are the well- 
n‘cogniz(‘d ont's in standard organizations. 

MANAGEMENT UNITS 

The Manager. — The man exercising active control over the 
organization is the center of a group whose duties extend far 
into the plant. His relations with those who share the responsi- 
bilities of control over men, material, and process, form an index 
of the plan of operation of subordinate groups. Three classes of 
functions arc performed by the manager. Through relations 
with the officers and board of directors of the company, he deals 
*vith matters of g(meral policy. He may be an official in •that 
group, or he may be an employed executive. It is unnecessary 
to enlarge ui)on the questions decided here, pertaining to general 
finance, policy on market extensions, expansion of business, etc., 
other than to call attention to the division of the field of finance. 
The responsilde finance officer, or treasurer, of the company 
functions in this directing group, controlling matters of invest- 
ment, credit, and company securities, while matters of operating 
finance having to do with normal receipts and expenditures in 
the conduct of business arc attended to under the executive 
control of the manager. If the same director of finance is in 
charge of both functions it means that he acts in a dual capacity, 

1 Harold »S. McCormick, President of the International Harvester 
Company. 
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part of the time in the direct ing group and part of the time under 
the order.'^ of tiie manager. * 

The second function of the manager is as an executive, in 
which he issues orders to department heads in tlie operating 
organization. This is the exercise of authority of the line, 
through which the macliiiiery of ])roduction is set in motion, 
'^rhe heads of tlie departments constitute* an official family, 
freejuently organized definitely as a commit t(*e to handle various 



Fig. is- 'J'he Tnuiin^^or unit. 


administrative questions. This does not r(*f(*r to what is known 
technically as the “sho]) committee” jdan, hut merely to conf(‘r- 
ence groups of executives. 

The third j)hase of the manager’s connections has to do with 
technical matters of procedure, design of product, spe'cialized 
practices, legal guidance, and the like. It rei)r(‘S(*nts staff 
organization. Functional si)ecialists are engag(‘d, as occasion 
demands or on permanent basis according as the continuity of 
service may dictate. Lines frecjuently represented are statistical 
specialists, designing engineers, chemical specialists, scientists in 
such lines as geology, production experts, and h^gal counsel. 
Representative companies differ as to wh(*rc these* staff officers 
connect with the organization scheme*. In some they are* on the 
same level of authority with the heads e)f operating ele*partinents, 
and in others they are shown with a superior relation to the 
general manager. The designing engineer and the chemical 
superintenelemt in ediarge^ of proe*e*ss have, e)f ne*ce*ssity, redatiems 
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in routine procedure with thfe Operating department, and at the 
same time a special relation to thp manager on distinctive ques- 
tions as to types of product. 

The Operations Unit. — This covers the activities of the several 
groups of workers engaged on ^he actual work of production. 
All staff or functional service departments have purposes tribu- 
tary to this, since here the real work for which the company 
cixists is going on. A better term for it might be the production 
department, were it not that this name has, through custom, 
become associated with the functional planning and process 
st udy wovk which is subordinate to operations. 

The hea<l oi the unit is the plant superintendent (sometimes 
Ix^aring some other title) who has direct, line authority over the 
heads of th(» sev(‘ral ojMU’ating branches. Under earlier line 
type organizations he, with his assistants, performed many of the 
functions which have since been delegated to in^eixmdent depart- 
ments. He attend(‘d t o matters of labor, hiring his men, training 
them, setting their wage rates; d(‘termined methods of doing the 
work, wh(*r(Mn the workers themselves in the skilled branches 
took much of the initiative; selected and repaired tools and 
producing ecpiipment, again in conjunction with the skilled 
vvr»rk(‘rs who took care of their own machines; and distributed 
material, usually under a system wliere foremen of working 
groups riMpiisitioiK'd directly on the stockroom, and little organ- 
ized attention was given to checking use or waste of the stock. 
Ill many of the smaller shops today this condition prevails with 
good results. The trouble with this system is that superinten- 
dent and foreiiKMi are required to perform so many* and 
diverse functions that it becomes impossible in the more complex 
operat ions. 

In the evolution of management, the assistant superintendents 
w('r(‘ assigned spc'cialized duties along functional lines, and finally 
became responsibh* heads of separated departments, responsible 
to the manag(‘r on direct lines of authority but still on a 
coojM'rative basis with the operating line forces under the superin- 
tendent. 4'here are, therefore, many cross lines of functional 
activity Ix'tween groups and individuals in the operations 
department, and the clerks and specialist process men in the 
planning dei)art.ment , employment department, stock and tool 
rooms, service department in matters of maintenance of produc- 
ing ecpiipment, and materials handling force. The planning 
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department has charge of so manyof these activities which have 
been brought to a functional basis that it is often carried under 
the control of the superintendent. In fact it is sometimes pro- 
vided that the superintendent transmit his orders through the 
planning-room agents, in which case the planning department is 
given a more complete organization. It occupies so important a 
place that it will be discussed separately as a management unit. 

Further comment is necessary respecting control of the tool 
room in metal manufacturing plants. In the last paragraph the 
reference to placing the stock and tool rooms under independent 
control might be misinterpreted. 

Production of machinery products must be thought of under 
two distinct classifications. Thej”^ are sometimes referred to as 
building and manufacturing. The distinc^tion is that the first 
does not employ mass production methods while the second does. 
In the first, while product may or may not be standardized, pro- 
duction methods are not, unless it be in certain of the smaller 
parts. Engine building falls in this class. In the second, both 
product and methods are standardized, and equipment controls 
the routine operations of workers in major part. The manu- 
facture of tj'pewriters, a\itomobiles, drop-forged tools, and many 
other specialized prodiicts falls in this class. 

The proper place for the tool room in the first of these t.wo 
classes is in a subdepartment under the plant superintendent. 
This subdepartment may be highly organized if conditions 
warrant it, with a shop engineer of the planning department 
responsible for the designing of tools for special work, and with a 
system in operation whereby tools for dilTerent jobs are made up 
in lots and delivered at the workmen’s machines coincidently 
with the arrival of material, so that neither workmen nor opera- 
tions foreman has the authority of selection, but still it is proper 
that the superintendent should have administrative control of 
the tool room activities. But in the second class of plant it is 
frequently advantageous to have a producing machine-service 
department with specialists w’ho set up and adjust dies, cutters, 
and the like, for successive operations, and have independent 
control of all forms of tools. This plan is shown on the chart 
for a typewriter concern in the preceding chapter. 

The control of materials brings complications in the assignment 
of limits in authority. There are three steps involved — namely, 
purchasing, storing and issuing the raw stock, and storage of 
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finished parts preliminary to assembly. The last is of signifi- 
cance in the manufacturing of standardized products by mass 
production methods. By common consent the purchasing agent 
is in the first line of officials reporting to the general manager, 
but wh(ire lift control of tne material stoj)s is not so well settled 
in practi(^e. The storekec'per in charge of raw materials stands 
in a joint, relationship t o the operations head and to the purchasing 
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l'i(!. 19. — Stock room record 


agent. Wluin' there is active control of materials issue and 
follow-up, as also of records, through the planning department 
under operjitions, the relationship with that department is 
stronger than with the purchasing department. ITnder other 
conditions it may be more logical to hold stores with jiurchasing. 
Anolh(U’ test is on the matter of originating purchase requisitions. 
If requireiiK'nts vary under spcicifications pnqiared by the design 
department for non-standardized product, storekeeper’s requisi- 
tions should pass through the ojierat ions depart imuit for approval, 
but on standard production basis the stor(‘keeper may requisition 
directly on purcliasing agent to maintain stocks at pnMleteruiined 
quantities, (’ontrol of stockroom must be established in 
a(;cordanee with these conditions. 

The finished part s storeroom must be under the control of the 
ojiei’ations department, but should be organized separately from 
any of the operations subdepartments. The storekeeper requisi- 
tions the appropriate manufacturing divisions tor parts as 
re(piir(‘d to mainlain the authorized number in stock. In smaller 
(establishments where the raw materials stores are under opera- 
tions organization, both stockrooms may be uiuher the same head. 

The insp(‘ction service should be a separately organized sub- 
department under eitluT operations or production-control depart- 
ment. It includes proc,(‘ss inspection of parts, final inspection, 
and tests of product. Koutiiu* testing of materials may be 
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included. Under the three-line fe^rm of organization shown below, 
the inspection division belongs in the second line, reporting to the 
general superint endent. Under the two-line form it should be in 
line with the subdepart nients, reporting to the superintendent, 
excepting in cases where the final test ‘of product assuinc^s imi)or- 
tant place, which then calls for the lu'ad of the service to report, 



Maintenance to all Depts Service 


Tig 20. — Oporatioii.« Unit iwo-liiio ty])r. 

to the manager. The inspection service must Ixi in cooi)erative 
touch at all times with each operations sub(i(*partinent, and with 
raw materials and finished parts stockrooms. It will also have 
regulative contact with the designing departmcoit and with the 
shop engineer for advice on standards. 

There is apparent a certain incongruity arising from i)lacing 
service departments such as employment, plant (*ngineering, and 
operating records on a level with finance, purchasing, and sales, 
but it has seemed necessary to do this in tla^ evolutionary process 
of relieving the superintendent of operations from the excessive* 
multiplicity of duties which were his under the simphir forms (»f 
the past. The situation is relieved, however, by introducing an 
intermediate group of departments and forming the three-line 
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typo. This is shown in thc.sQpond unit cliart below. It gives 
a more logical distribution of control, the only disadvantage being 
that it introduces another general official between the producing 
branches and the general manager. Probably the disadvantage is 
more apparewt than real, however, sincje in the larger enterprises 
th(U*e can be but little ])ersomfl contact cvcui with the two-line 



FicJ. 21 — Operations unit throo-lino type. 


typ(\ 111 eith(*r case managerial control must be with indirect 
personal knowledge, dependent, that is, on service n*(;ords rather 
than on jxn’sonal contact. 

In his book on ‘’(Jraphic Production Control,^’ V. 1 ']. Knoeppcl 
shows on pag(‘ a line and staff chart which illustrates the 
three-line ty|)e chart given above with certain variations. In 
that chart h(* placets the receiving and control of all raw material 
and stores under t!ie planning department, designated by him 
tJie production control department. Plant service, designated 
by him as '‘power and maintenance,'' is placed directly under 
t’ne sup(‘rintendent of operations. The planning or production 
cont rol (h'parlment is shown by him in all cases in posit ion 
parallel to tin* superintendent of operation, both being in the 
direct line of control from the manager of the manufacturing 
division. In his chart Mr. Knoeppel indicates a somewhat 
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unusual arrangement* whereby purchasing and sales are merged. 
His placement, of the duties of primary costing within the plan- 
ning or production control department is made on the same basis 
as that proposed by the author, the accounting department having 
to do with the more general features and with the permanent 
records on cost. Readers are ri‘f erred to the detailed develop- 
ment of organization given by Mr. Knoeppel in his excellent 
work, which fills a chapter in the volume referred to. 

The last paragraphs bring to the front one element which is 
fundamental in management. — namely, personal contact with, or 
knowledge of, the worker by the chief administrator of the enter- 
prise. At the present-day stage in industrial development 
there can be but limit ( m 1 personal knowledge. The only sub- 
stitute for this is records, so made and pn^served as to be expres- 
sive of the characteristics of the workers, and so graphic that they 
can be comprehended at a glance by the exc'cutive. This is a 
matter of such importance that it. is discussed si^jiarately under 
the personnel department, and also under records. 

The Planning Department. -While this is a part of theopen-ations 
unit and has been indicated already in that connection, it is a 
branch of such great significance that it requires special treatment . 
In the more fully develofied organizations it is the nerv(» center 
of the system and the direct means for coc')rdination of effort. 
Its chief function is to assist the chief (executive of th(‘ operations 
unit in retaining genuine control, in this way serving as a remedy 
for the decentralizing effect that comes from the addition of 
departments as an enterprise grows. It rejiresents an overhead 
expei\? 5 e w^hich the small establishment cannot stand, and is 
justified in larger plants only as it i)erforms a real service in 
promoting production. 

It is not to be thought of as an agency for doing work which 
w^ould not otherwise be done. Every function fierformed in 
the planning department w^ould have to be done by someone 
somewhere in the establishment. Work must move' by some 
route, good or bad. Methods of doing work are det(?rmined 
by someone, who cannot be doing other work while he is devising 
the method. The keeping of records is accomplished by some 
means, even though they may be but the partially formulated 
sets of facts carried in the head of the superintendent, who must 
have some basis for determihing action as he performs his many 
duties. The time comes sooner or later in the growth of an 
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enterprise when the limit of ^effectiveness oTF the overloaded super- 
intendent* and foremen is reached and assistants to care for 
specialized duties arc needed. 

When this time comes, the change need not be a plunge into 
an elaborattly organized department. The functions are divis- 
ible so that one group after jfnolher may be provided with an 
inexpensive personnel, until the situation warrants grouping 
them under a responsible specialist. In the following discussion 
a full development is assumed. 

Just what duties shall be performed in the planning d(‘partment 
will depend somewhat on circumstances and the ideas of the gen- 
eral mafiager. If, when a n(‘W unit of this kind is being formed, 
some branch of the work is being wtH done in an older operat- 
ing division it is likel}" to be left there, even if it be of a kind that 
might more logically go to the new^ gi*oup. The character of 
the product makes a difference. Articles • built on separate 
orders make necessary many special st udies and the making up 
of w^ork schedules based on guaranteed delivery dates, which 
may not be involved in the planning for a plant manufacturing 
standardized goods in mass quantities to meet a steady market. 
Any list of functions that may be prepared is sure to meet criti- 
cism from those whose experience* has been along a specialty 
line. All that can be done is to indicate a fairly complete list 
fiom which any one may eliminate items as he may choose. 
Furthermore, it is not nec(\ssary to call it a planning department. 
TIkmo may be pr<‘judice against the name. A good assistant 
superintendent with a f(‘W" helpers will do as well. The 
important thing is to get the work done. ^ 

The head of the planning d(*i)artment ma\" have the title of 
Production Ahrnogcr, Production Engineer, Production. Clerk, or, 
as not(*d in the preceding paragraph, may havi* a non-distinctive 
term assigned. In a large organization his duties are largely 
directive, but in all cases they include the preparation of records 
and reports to show the conditions of operation in a manner that 
will enable the plant executive to formulate his program. 
Exact information is required on materials, plant equipment as 
to condition and utilization, progress on oi’ders, distribution of 
labor as charged against the several operating and plant divisions, 
total operating expense, and other details which indicate the 
situation. This information must* be kept up to date. The 
department head must be familiar with the work of all his special- 



254 


MANAGEMEKT ENGINEERING 


ist subordinates, and* in smaller ^cs^tablishments will probably 
perform the routine duties of one or more of them, r He is in 
direct contact with the heads of ‘purchasing, plant service, design- 
ing, accounting, and sales departments; with all foremen in the 
of)erations department ; and is accountable to the supca-intendent 
or the head of th(‘ inanufacturingVlivision. 

The shop engineer has a variety of duties in the lines of stand- 
ard practice, methods, setting standard times on work, task 
s('tting, designing of tools and jigs. \ic has much to do with the 
toolroom and may l)e in (*harg(' of it. In* the development of a 
planning d('i)artm('nt he is likely to b(' the first man on the jol) 
and may operate alone as an assistant to tlu^ sup('rintendent while 
the id(‘a of systematic jdanning is growing in the minds of the 
management. Th(‘ important work of preparing standard 
instructions for jobs and of training work('rs is under liis 
supervision. 

rn(l(‘r the i)rodu(*tion nianag(‘r and shoj^ (‘ngineer are (*l('rks 
or assistants who handle such matters as: 

Analysis of ord(‘rs in a plant doing special ord(‘r work. 

Pr(‘paring work schedules to r(*gulate progre^ss on jobs. 

Routing of work through the shop. 

Supervision of material handling, ch(‘(*kiiig waste, and fol- 
low-up. 

Tim(*-k(»eping on num and macliines, and pi(*paring graphic 
n^cords of saiiK', 

C‘ost analysi< and distribution; sound im(‘s including tin* 
• coni[)l(d(‘ task of cost accounting. 

In those functions of tin' planning room forc(‘ pertaining to 
time ke(*ping and costs, close ndations with tin* accounts branch 
of the financial d(*partment an* nec(‘ssarv. Actual cost-k(‘(‘ping 
may be performed in (*ith(*r office*, according to circumstance's, 
l>ut geiod liaison se'rvice* is nee'cssarv whicln've'r practie*.(* is adopt (*d. 
Kurthe*r comment ejn this fK>int is inadti in the ne'xt e*hapter 
devoted to costs. 

On the organization e*hart eif the* tyjiewriter manufacturing 
company shown in the* pre*c(»eliiig cha^ite'r, there is an illustration 
of a planning de*partnient having a broad scope* in the*, control 
of operations. In addition lo all of the functieins listed above 
there* is that e>f raw material anel finishe*d parts stejreroorns. 
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This gives to the planning “clfief nearly eomplote control of the 
manufacturing elements, except^g labor. 

The Financial Department Unit. — The division of the field 
of finance 4ind accounting has betm referred to before, when 
discussing th(' management utiit. It will be assumed that the 
d(‘partm(‘nt is primarily under the conti’ol of tin* gtmeral manager, 



T’h; 21?. — 'i'lu* riiiaiKMMl unit. 


where routine transactions involving I’unds must be. The head is 
tak(‘n as the treasurer of tlu* conii)any, who deals ])ersonally 
with credit and coitijiany inv(‘stment jn-obltMiis, with an isolated 
group of assistants, which pliase of his duties is not confidtTcd 
in the unit chart shown above. 

There an* two branches of the unit. t)ii(' has to do with the 
handling of cash and of cnnlit accounts; tin* other with book- 
keeping and recoi’ds. To the latter branch belongs cost account- 
ing unless that work is performed in tlu‘ planning (h'partment as 
alr(*ady discussed. Frequently an jiccounting department is 
organiz('d sei)arat(dy, when costs an* to be handhai. 

Extended comnumt is unnecessary. The chart shown above 
is expressive of tlu* usual operating organization. 

The Sales Department Unit. — In the organization of the sales 
department, cognizance must be taken of the various marketing 
methods employed by dilTerent companies. Any form suggested 
as representative can apply only to one type of selling program, 
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hence care should be taken not to follow it in detail unless condi- 
tions correspond. ^ 

A concern which sells through wholesale houses or commission 
agents does not need much of an organization. A shipping 
department may be more in acconj wdtlithc requirements. Adver- 
tising is of small concern. When sales are made to the retail 
trade a more extensive force of salesmen is necessary, but even 
then the department does not require the most comjJete program. 
Advertising is conducted through special channels appropriate 
to the trade. Such goods as are handled in this way do not 
require technical experts to attend to their adai)tation to service 
conditions. It is when sales arc made direct, to consumers, 
with branch sales offices to cover territorial divisions or i)rivate 
sales firms holding agencies for exclusiv(‘ handling of the product 
in those divisions, that the most com])lete sales organization is 
called for. This condition is the on(‘ assumed in the following 
discussion. 

The head of the unit is the sales manager. Prominent in his 
force are 

District sales agtmts or heads of branch offices. 

Head sales engineer, when special machinery is the ])roduct. 

Advertising manager. 

Shipping clerk. 

Hilling (derk. 

The last two named memb(‘rs of th(» comj)any force* are not 
alwayii under the sal(*s manager. They aie freepK^ntly on the 
staff of the accounting department , when that branch is organized 
seperatedy from the central financial department. When they are 
under the sales organization their duties must be closely coordi- 
nated with the book ke'cpers in the gen(‘ral offices. 

In large machinery companies the scdling force is comjKjsed 
mainly of engineers who combine the functions of sales and 
engineering in the placement of the product. Equipment of 
that kind must be applied properly to the custom(;r\s service, 
and good engineering judgment is required of ihe salesman. 
To place a machine where it is not suited to the needs of the 
customer is a worse error than to lose a sale. Sound knowledge 
of the product and ability to interpret specifications and con- 
tracts constitute the salesman’s stock in trade, rather than a 
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suave personality and an aptftude for entertainment, which were 
once considered primary requisites. 

The sales manager is responsible for the selling campaign. 
He formulates plans for selling, opening new territories to the 
goods, meefing competitors, ai^d advertising. His reports should 
deal with necessary modifications in design to meet market 
demands, as well as with market changes likely to affect volume 
of busin(‘ss. lie is an important factor in the progress and pros- 
perity of the enterprise. 



Fia. 23. — The sales unit. 


MANAGEMENT METHODS 

It has been said that management consists of: 

The systematic use of expedience. 

The economic control of effort. 

The promotion of personal effectiveness. 

A guiding thought to be observed in the adjustment of the 
systems ol control by means of which any executive may function 
successfully, is one expressed by H. L. Gantt, namely, ‘‘The 
authority to issue an order involves the responsibility to see that 
it is executed.^' Every effective plan of action must meet this 
test. 

Another consistent thinker, G. 1^. Knoeppel, has enunciated 
certain “principles of industrial engineering” which are compre- 
hended under the suggestive words — investigalUm , coordinatiim ^ 
records, idanning, standardization. These five phases of activity, 
directed toward the control of production operations, constitute 
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the active steps through which “ th^ s;J'stcmatic use of experience ” 
and ‘Hhe economic control of effort’’ may be realized. The third 
portion of managerial control, 'Hhe promotion of personal effec- 
tiveness,” is embodied by implication in these five phases of 
action. 

The basic considerations which lie behind these several expres- 
sions of content and active methods for a(*complishment of the 
ideals of management, are essentially the same. Kach statement 
indicates the necessity of establishing standards of accomplish- 
ment, in doing which the experiences of th(‘ jiast and systematic 
studies of pres('nt possibilities are drawn iijion. To make 
effective the lessons of t he past and theat taiinnentsof t he pr(»sent, 
there must be develojicd a system of recording the facts which 
will be effective and capable of presenting in vivid manner those' 
things which the executive' in e'ontrol must know, and on which he 
may base a constructive program for furtlu'r progress. Stand- 
ards and invthods have l)ecoine the keynotes e)f modern ineliistrial 
activity. With these, as a ne(*e*ssary aecomj)animent, ceimes 
the graphical preseniaiiov of facts, picturing the de'gre'C of attain- 
ment that has bee'ii achieved in the effort to meet standard 
performance. 

Production Orders. — The mae*hinery e)f pre)eluction is set in 
motion through the issuing of orders by the executive in charg('. 
Previous to their issuance a great d('al of preliminary work has 
been done along lines of dc'sign of product, planning of the selling 
program, and purchasing of mat ('rial. Sah's orders may specify 
types of jiroduct and date's of completion, or the selling plan of 
standardized articles may call for the manufacture of a stated 
quantity of goods to go to the wareliouse. Such adaptations 
of production to marked have been fixe'd by e;omi)any policy, anel 
it is the business of the e)pe'rations branch to adjust, its activities 
thereto. It is te) be‘ assumed that the plant has passeel through 
the preliminary stage's of buileling up its business, so that new 
demands upon the proehiedion divisions are to be workeel inte) the 
manufacturing program in a manner that will insure the best 
utilization e)f spae*e, e'epiipment, materials, and we)rking pe'rsonne'l. 

The first steps are* takeri in the planning or production control 
flepartment. The new order for geuxls must be analyzed and the 
s(?veral operations to be i)ei;formed worked out in detail as to 
space, equipment, and time requirements, unless it, l)e an item of 
product which has already been standardized. If the latter 
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condition holds, then the steps*arc simplified. When the require- 
ments on ‘the producing plant Ijave been determined, the next 
step is to fit the work into the routine of the several branches, so 
that old and new orders and lots may proceed smoothly, with 
material finciing its way to machines and finally to the assembly 
without congestion or vacant periods. When the study is 
completed the schedule of work for the new order is prepared. 

This scheduk' in the making has calk'd for detailed information 
as to time requirements, sui)ply of materials, producing capacities 
of dcpartiiK'nis and oT individual machine tools, time recjuirc'd 
in making nc'W tools and jigs by the tool room forc(‘, labor condi- 
tions, and j)r('S('nt dc'inands on working space at bench and 
assembly. It has brought into action s(‘Vf‘ral brancbc's of the 
jdanning depart nnuit. Tlu' condition assiiiiK'd is that obtaining 
when production is adjustc'd according to varying market 
demands. • 

When work is being laid out for a ])lant engag('d on a prede- 
t(*rmin(‘d inoduction inogram, the scheduk* takes on a difT(‘rent 
form. k\)r some designated ptuiod of time, possibly for an 
(‘lit in* year or souk* fraction thereof, company officials in con- 
ference? with the* sales manage'r have decidc'd on the exact amount 
of c*a(*h article' te) Ik' nianufae*t iiie'el. If this program is to be* 
liniiteel only hy plant cajiacity, then the* planning elepartment is 
calleel into e*e)nfe*re*nee* feii- infe)rmatie)n as te) what may lie* accom- 
j)lishe*el in the* way eif be‘tt(*re*d manufacturing ce)nelitie)ns. If the* 
j>rogram is be*k)W j)lant capacity, the*n the* statement of what is 
te) be ek)ne ge)es te) the* de*part ment , with instructions te) plan a 
sclu'ine fe)r re*elucing the* e)pe*rating fe)rce* se) as te) insure eccmoiiiic 
production. In either e-ase* the sche'eluk* e)f work is laid e)ut se) as 
te) insure* ek*live*ry e)f ge)e)els e)f the seve*ral kinel> at the* times when 
the*y are* ne*e*de*d fe)r the* traek*. Purchase*s e)f material are tlu'ii 
planne*el in ace*e)rel with the* program, anel work for the seve*ral 
eli visions anel mae*hine*s laiel e>ut as alreaely inelie*ateel. 

Pre)eluctie)n e)rek*rs are* issue*el te) the st*v(*ral operatie)ns branche*s 
in ace*e)relance* with the se'heeluk* of Ave)rk. If castings are pur- 
chaseel this me*ans the* e)relering e>f the reepiisite number from the* 
I)arty supj)lying. Such orele'rs e)fte*n pass dire*ct fremi the planning 
elepartment without ge)ing thre)ugh the purchasing agent 's office, 
just as thf)ugh the* separate*ly owneel^fe)unelry we're a branch of the 
etompany plant. Dispatchers prt'pare tlu'ir routine oreler forms, 
instruction carets fe)r guieiance of workers e)n separate je)bs are 
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prepared, and the control board scl in order to receive the various 
indicators which show the sequence of events in issuing material 
and recording progress in different departments. The accom- 
panying illustration shows a form of production order, but space 
docs not permit of a full development of di'tails of handling these 
orders and department records as carried out with dispatching 


PRoniirTinw nnoFfi mo. 


FOR 



DATF WANTED BY 

<;h(PPing 


CUSTOMER 

ADDRESS 

THEIR ORDER NO . DATE 


BILL OF MATERIAL 

JOB SCHEDULE 

rOOLSCHFOULE 

PATTERN SCHEDULE 

SPECIAL instructions 

_ . - , , . , 

- - -- - 



Fig. 24. — Tho production order. 


and control boards. Each company has its own specially 
developed methods for doing this work, and (l(*scrij)tive inateiial 
in published form is available for those who ar(‘ int(‘r(»st(‘d in 
following the subject further.^ 

Routing of Work.-- Closely related to th(* pr(»i)aring of sched- 
ules and the production control agenci(‘s is routing of work in 
its progress through the plant. This has its beginning in the 
original design of the plant, and was treat(*d in sucli connection 
in the chapters of Part 1 dealing with design and layout of equip- 
ment. It is to be assumed that equii)inent has been placed so 
as to accommodate tlie easy flow of material as consid(T(*d in its 
major phases. 

With the progniss of work, however, can^ful adjustment is 
necessary, especially when product varies. It is not uncommon 
to find that some machine which may be well placed for economy 
in moveriKjnt of material for one article of output, is badly 
placed with reference to use^in the manufacture of parts of some 

* See Knoeppel’s “Graphic Production Control," Chapter XIX, and 
Ciirnru’s “Manufacturing Costs and Accounts," McGraw-Hill Book Co. 
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other article. In this respect* the machine tool layout may be 
in a condition of change as experience develops the original 
maladjustments. 

Quite aside from studies directed toward bcitter placement 
of machines* there are routing studies to be mad(^ for each pro- 
duction order, (conclusions from such study are involved in the 
preparation of the dispatching program referred to in the pre- 
ceding section, and are also used directly in controlling operations 
of the materials handling and follow-up service. (Jraphical 
studies of routing are important, adjuncts, not only as means for 
making more effective the work itself but also to furnish con- 
vincing evi<lence of any troubles or defc^cts, and as guides to thc‘ 
planning of improvements. 

Standards. No single* rule can bo laid down that will apply to 
all forms of industr.v in this important matter of standards. 
lOach plant has its own jx'culiar (3 pe of work — man\" different 
types often being current in the same establishment. Varying 
local conditions have much to do with the characteristics and 
capabilities of workers. The mental attitude of ernploj^ecs 
demands consideration, and before canying through a program 
based on perf(»rmance records certain preliminary steps rna^" be 
iK'cessaiy, leading to Cjuite different conclusions as to iiK'thods of 
making a study of ]iresent operating possil)ilities. The opinions 
and ideals of administrative officials have much to do with the 
proc('ss which the j)roduction engineer may employ in the work. 
Tliat there must be a standard for the measurement of perform- 
ance is univ(*rsall3" agreed, but the methods emplo\'(Ml in arriving 
at that end are many. • 

To sf)me, th(* time stud.v with all its (‘laboration of detail is the 
ag(*nc\' through which evervthing worth while will bi* accom- 
plish('d. To others, this will be of minor importance, emplo^'ed 
in a more geiaual way for a limited number of operations. 
Records of the past have* a certain significance, the amount 
d('pending upon the character of production records of the past, 
but evcui when this resource appears in its best light some inde- 
pendent studies should bo made to determine how nearly- past 
achieveiiKMit measures up to present possibilities. 

Wh(*n sp('aking of standards one must not fall into the error of 
thinking only of standard time on work applied directl^^ on 
product. Many plant executives have been swayed in their 
opinions by preconceived ideas in this respect. The^'' have been 
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able to see true aeconiplishment oii^plant economies only as the 
time of direct labor has been reduced. Standards for material, 
for use of tools, equipment, and buildinp; si)ac(‘, for plant service 
in such matters as power and maintenance, and for the indirect 
S('rvice rendered in the offices of the sujxMintendento and general 
officials, are of real significance. It is quite' within the range of 
probability that the* savings efTc'cted thiougli standardization of 
practice in the many and varie'd indiiect service ope'rations about 
the plant may have a greater effect upon the ultimate cost of 
I)roduction than will the economi(*s ])roduc('d through incr(‘as(*d 
('ffectiveness of dir(*ct labor. This iiK'ans that it is not a small or 
a simple task that lie's be'fore the ]m)eliie*tion e'xpe'it who is 
charge'd with the' problem of e'stablishing a be't te'rme'iit ])re)gram. 

In adelition te) stanelarels on the' many single* proce'ss ste'ps anel 
inelividual tasks, the'ie* nuist be fixeel standards e)n cemibine'd 
re'sults. Costs of e*e)iiiple‘ted article's may be' stanelarelize'd te) 
furnish a ])asis e)f comparison for the ae'tual re'sults se'e'ure'd in 
ope'ration. Tlie ope'iating costs of e'litiiv ele'partme'iits may be 
rate'd on stanelarels set fe)r best conditie)ns. So it is with perform- 
ance records of maediiiU's, e)f maediine' gif)ups, anel e)f e'litire })lants. 
Stanelards fe)r continuity f)f proeluctie)n through annual j)e'rieKls 
are imj)ortant for ce)mj)arisons with e*urre*nt pre)elue*ing rate's. 
Sales stanelards as te) epiantity anel spreael thre)Ughout the ye'ar 
have a special signifie'ane*e‘, especially when se»me* e)f the* articles 
produced are* se‘ase)nal in marke't ele'manel anel efforts are* lieing 
made' to eleve‘le)p either article's which will suppleme'iit the' eiriginal 
anel serve* to steaely the* manufacturing sche*elule's. 

Tkere is no royal roael to the* se*tting eif stanelarel perfeirmane-e* 
where* the human e'](*me*nt e*nt (‘rs iiitei the* case*. With steip watch 
and pad, or from juelgment base'el ein jiast re*e*e>rels or experie*ne*.e' 
to guiele one in making a goexl gue*ss, ele*e*isie)ns must be* maele* and 
adopted at least as tentative base*s for re*ff*re*ne*e*, pe*rhaj)s te> be 
changeel as time goe's on. For simjile* time stanelards the* clock 
governs, as in the case's of utilizatiein e>f machine's or eif wheile 
machine groups when the ieleal is e*e)ntinuous e)])eratie)n. For 
production rate of the plant as a wliole, the stanelarel may be 
fixed by some elominating e*lement eif e'ejuipment in e*ontinuous 
procfiss industrie's, like flemr milling or ce*m(‘nt manufaeit-uring. 
For industries in which firocess anel labor govern, the afisolute 
standard is a combination re'sult de'rive'd whe'n all of the individ- 
ual ele'rnents are operating at standard rates. Whatever the 
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method and the conditions, one must assume responsibility 

and decide*what is to be used as tjio comparative basis, resting in 
the assurance that comparative (calculations only arc to be made 
and that an error in absolute amount may not have serums results. 

Graphical Records. -Authority having been exercised in the 
issuing of orders on production, responsibility follfjws for seeing 
to it that results are obtained. This is the supreme test of 
management. Tlie executive has depended upon his planning 
for(‘e to arrange work schedule's, routing plans, and dispatching 
systems; to design tools and methods; to prepare instructions; 
and to dcivise luatecrial handling and follow up plans. Tnder his 
authority the working instructions have' been issued. Now, in 
the analysis of results, he can only call upon that same din'cting 
forc(' to provi<le liim with comi^kde information respecting the 
conditions undc'r which work has progressc'd. The presentation 
of that information must Ix' in such form tlTat he may detect 
failures to attain to standard ]>erformanc(', and the causes of those 
failures. It is on such basis that stc*ps may be tak('n to remedy 
th(' c()iulitions which have led to inferior results. hjxi)erience has 
lemonst rat (‘d the us(‘fulness of graphical records for this puri)Ose. 

The l)asic nx-ords to b(* taktui are on labor time, both direct 
and iiulin'cf ; stock rec()rds, showing aniounts issu('d and amounts 
spoiled or wastecl; machine time; s])ecifi(* causes for lost time of 
both nuui and macluii(*s; and jMuiodic statcaiu'nts on amount of 
finislu'd j)roduct and pi*ogr(‘ss on ord('rs in process. Any special 
conditions as to scu’vice (h'jiartnuujt operations, unusual n'pairson 
('(piipUK'nt , and condition of materials supply slu^uld also be 
r(‘cord(‘d. Portions of th('S( ar(‘ transmitted in the' form of 
writt(‘n reports to the ext'cutive. but tlu' major part may be 
compiled in graphical foini for mon* n^ady n'f(M*('nc('. 

''Pwo forms of graphical n*cord will b(* pr('sented. One is th(' 
so-called Z-cdiart, th(' juirposc' of which is to show the tnuid of 
volume of pi’oduction. It is an index of what is going on in the 
plant as a whoh', and is of inten'st not only to the head of the 
manufacturing division but to all lu'ads of d(‘partments and gen- 
eral offi(*ials. A similar n'cord of sale's, or of warehouse vstocks, 
or both, should lx* compih'd by ri'pivsentat ives of the depart- 
ment having them in charg('. "Vhv fdher is the (bantt chart, 
which shows ]X‘rformancc' in relation to time and standards. 
Careful study should be given to both of these important types 
of record. 
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The Z-chart is constructed on*a Viimpic plan and is a notably 
effective means for presentation of the facts of production. The 


PRODUCTION RECORD ‘CASTINGS 
A‘B FOUNDRY CO. I9?2 , 

notes: 

Defech've work noi- mduoledl 
Standard oidpuf indi:aN»don rvfprence 
Cumulative line 0~X^ at 384, OOO tons 

references: 

A -Material shortage 
B-Nightshiftone week-rush orders 
C - Cupola No, 2 on repair 8 dags 
D- Orders short 


CURREfir PRODUCT 
1921 

(For reference) 
/- 2SSS0 
?- 28 7A0 
5-26 400 

4- 29 230 

5- 3IS00 

6- 32320 

7- 27600 

8- 26200 

9- 18240 

10- 22300 

11- 27400 

12- 28400 



Fir;. 25.- -The Z-rhtirt. 

accompanying diagram is prepared to illustraUj its main features. 
It consists of a plain sheet of paper, a portion of which is laid 
out in a form of a rectangle divided into 12 spaces to represent 
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the 12 months of the year. * TTie division line at the right-hand 
edge of each space is used as the line on which to lay off upward 
to scale the production quantity pertaining to the preceding 
month. These monthly spaces may be subdivided to show th(‘ 
record by weeks if it is so desirq^. 

Three sets of quantities are represented. The first is the simple 
monthly record of production. It is designated as the (current 
record. The scale figures which apply to the current record are 
those placed close to the hift-hand margin of the diagram. The 
second is the cumulative record, found by adding each month’s 
(Mirrent p^roduction to the total which has preceded, beginning with 
tli(‘ first of the current year. It mounts upward, until at the right- 
hand margin of the diagram it shows the tot al annual production. 

The third is designated as the moving annual total, frequently 
referred to by those who are constantly using the chart as the 
M.A.T. or the ‘‘mat.” The value is found •at the end of any 
monthly j)eriod by taking the total production of the ]n*eceding 
12 months, adding thend-o the curr(*nt month production and 
deducting the production of the corresponding month of the 
jm^vdous year, in other wonls, it is the total i)roduction of the 
12-monlh period ending with the current month. The cumu- 
lative and mat curves are laid off on the scale indicat (*d by the 
figures given at tin* left of those which applj" to the current record. 

Above the diagram tlu‘re are recorded the actual figures for 
the three sets nf records. To make possible the calculation of the 
moving annual total, there is also given, on this illustration, a 
set of values for the 12 months of the year preceding that to which 
the chart applies. In the lower left-hand corner notatioifs are 
mad(‘ relative to conditions which may have influenced the 
production rate, or attendant facts which the exc'cutive should 
understand when studying the conditions revealed by the chart. 

This chart makes possible a study of actual pc'rforniance in 
ndation to standards which have been set for production during 
t he year. This is indicated by the light line drawn just above the 
cumulative recortl reaching up to a point X which represents 
the expected production of the year, 384,000 tons. Wherever 
the cumulative record falls below this line there is evidence of 
failure to attain to the standard. The reasons for deficiencies in 
production rate or notable excesses of jiormal production, are indi- 
cated by the reference figures A , B, C, D. This furnishes informa- 
tion as to why production has failed to hold to the standards. 
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In the actual use to which the chart is put by plant executives, 
the moving annual tonnage record is the one given itiost atten- 
tion. It furnishes a running comparison between the rate of 
l)usiness being carried on for a standard lis(;al pcu'iod ending with 
the current, month, with that carried on during tiu^ j)re(!eding 
years. Charts for successive years are compared and the trend 
in production is readily noted. Th(‘ mat curve is manifestly 
one not affected greatly by temporary variations in the produc- 
tion rate, and thus is a steadying influence on one’s judgment. 
If, howev(‘r, it shows a persistent tendoTicy either u])ward or 
downward there is evidence of a situation ti^nding definitely 
toward jirogress or deterioration as (Ik' erase* may be. The e*hart 
as a whole serves as an inelicateir te) the inanagennent that ce)ndi- 
tions either are favorable or are in ne*ed of investigation. It 
does not reveal the pe)ints wliere action shoulel be* take*!! (o reme'ely 
a elefect, e*xe‘epting in v(*rv l)re)ael terms. Il is the* func1ie)n of the* 
(Jantt chart to give this more specific information. 

In the Gantt chart ^ the basic e*le'me*nt is time*. As she)wn in the 
accompanying eliagranis the hejrize)n(al dime‘nsion is taken to 
represent we)rking ])erie)els, usually with the elay as the* unit anel 
either one wee*k or twe) we*(*ks re*p7vse*nte‘d in the* entire width e)i* 
the sheet. Divisions e)f time small(*r than the* elay are tak(*n, 
for greater conve*nie*ne'(* in estimating, by elividing the* elay spaea* 
into four or five parts by the ruling eif light ve*itie*jd line*s. An 
indicating line elrawn he)rize)ntally through a i)e)rtie)n of the* space 
representing e)ne day may thus be* e*stiniate*(l with a fair de*gre*(* 
of accuracy in terms e>f the* pe*re*e‘ntage‘ whie*h its le*ngth ])e*ars to 
the full width. 

The purpose* to whicli the* chart is ])ut is te) she)W the* e*xte‘nt te) 
which a man e)r gre)uj) ejf men has proeluce*el ehiring a give*n i)e*rie)el, 
or the exteuit te) whie*h machines e)r whe)le‘ gre)ups e)f machine‘s 
have be*e*n e*mple)ye‘el in actual prealue-ing e)j)e*rat ie)ns. A ele)uble^ 
system of lines, drawn he)rize)ntally acre)ss the* sj)ace*s, is e*mple)ye*el 
in doing this. One* is a light narre)W line* anel the* e)the*r a bre)ad 
anel heavy line*. \'ariatie)ns in the* width of lines maybe* e*mployeel 
to distinguish the* laige*r gre)Up. or an e*ntire plant, fre)in an 
individual machine* re*e*orel. '^J'he marginal re*e*e)rel at the* le*ft 
contains notations wliie-h show just what e*haracter of elata is 

' For !i more (!oriiplct(* (le*scrj])(ion tA the (jiintl chart see the volume under 
that title, hy Walla(.k Clauk, puhli.slied by the Ronald PrcHs. 




-Ab‘«Piit L — ''low operator T — Tool tioiil)Ir« 

oponittir M— Mutenal troubles V — Holiday 

-Lark i>f iiijstnictoin*' /? - Ilopair** needed 1' — tfinalltT lot than p'.tirnated 

'rune sp«-nt on work not estimated shown b> broki n hin* 
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being represented, but this varying ^idth of the heavy line serves 
as an aid to the eye. 

Taking the man record chart, shown on the preceding page, as 
an illustration, the light line along the upper portion of the space 
shows that on Monda}^, July 1 1 , Q. Smith produced tliree-quarters 
of the standard amount for the day, the deficicnc}'^ being caused 
by some trouble in the movement of material to his machine. 
On Tuesday his record shows slightly better, but material trouble' 
continued to cause some loss. On Wednesday tool trou])le was 
the cause of still greater shortage in production than on eith('r 
of the preceding days. t)n Thursday the record shows that he 
performed the exact, amount of work called for, while on l>iday 
he performed somewhat more than the standard amount, the 
excess being indicated b}" the short portion of line drawn parall('l 
to the first. On Saturday tool trouble again preventi'd his 
reaching st andard* performance. 

This running record, taken day by day through the week, is 
now consolidated into the heavy line drawn just beneath the daily 
record line above n'ferred to. Th(' heavy line is th(' cumulative' 
record and shows that this man produced during the entire' 
weekly period the amount of work that wfmldhavel)e'enproduceel, 
if proeluction hael gone on at standard rate, in a perioel of 4.8") 
days. By use of the re'ference letters, A, f/, 7, L, M, H, 1\ V, 
and Y, the cause* of failure to re'ach standard j)e'rformance' is 
explained. The persistent recurrence eif any one* of tlu'se* letters 
on the chart means that attention is needeel to remedy the e;ondi- 
tion which is making trouble. A thorough stuely of the chart 
in its? varying applications to men and equii)ment, reveals its 
great value as a record of events as well as an index to tlu* smooth- 
ness with which the varied operations of the plant arc bc'ing 
performed. 

The machine record chart shows the same facts for the various 
machine tools as docs the man record chart for workers. At the 
top of the chart is a very wide line* showing performance of the 
entire plant. Below are three lines of width next in magnitude, 
showing the records of the s(‘veral groups of machines — drill 
presses, boring machines, and milling machines. The lines n^xt 
in width give the cumulative records of individual machines, 
designated by number. The daily record lines are all drawn fine. 
A set of reference letters is given below the chart, some of them 
differing from those which apply to the man record. A study of 
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the machine chart reveals trouble spots where attent ion is needed, 
as with the man chart . 

The third illustration shows a Progress chart in one of its 
many forms. It applies to a jdant manufacturinp; on orders, the 
prop:r(\ss of each job beinp: indicated by the heavy horiAiontal lines. 
Each order is scheduled for tirm* of start in^^ and finishing, as is 
also each of the operations to be performed. The heavy angle, 
l“, opening to the right is plaec'd at the date wIkui materials 
are to be issued. Tlu' similar angle opening to th(‘ left, is at the 
date of finishing, presumably when delivery has beem promised. 
The figures above the line indicate the proeess('s, and are placed 
at the date when work on the process is to start as scheduled. 
The large V at the top of the chart indi(‘ales that tlu* record is of 
the date corresponding, in this case the morning of December 1. 
(November 29 is Sunday.) 

The record is ink^rpreted as follows. Order No. 3601 is to be 
finish(‘d December 11, to accomplish which the first process in 
building had to begin on October 10. Materials were issued on 
October 15. At the date of record the work has progressed 
exactly according to schedule and the ninth operation is to be 
started the next day. The next ord(‘r, No. 3002, which had the 
same starting date, has been progressing faster than the schedule 
and is 7 working days ahead, ready for operation No. 8. Th(^ 
third, No. 3003, was to hav(‘ becui completed on Novembe^r 27, 
but operation No, 5 was held iij) on account of tf)ol trouble the* 
prec(‘ding morning. Th(‘ fourth. No. 3010, was finished on 
schedule, as was also ordcT No. 3013. Number 301 1 was held up 
the day before for n^pairs on the t(mth oyxuation machines, and 
may need attention. NumiMU’ 3010 should have b(*en complebxl 
on this date, but was held up on the morning of th(M wenty-seventh 
bj’^ absence of help. If this last job is one on which delivery is 
important, the absence of the workman is causing serious troubles 
Iief(*rcnce to the production order and its schedule* w^ill reveal 
just where the job is and the identity of the* workman. A record 
such as this, ready on the d(*sk of the manager in the morning, 
gives him at a glance the informniion ho needs as to progress of 
orders and as to where his attemtion may be needed. 

The different forms of record on plant activities which may be 
presented on Gantt charts is almost without number, depending 
on the character of the enter*prise. The man record lends itself 
to a study of idleness, of the ability of men to produce on schedule 
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time or to earn bonuses, and* of various other personal 
characteristics. The machine record chart is applied' in many 
ways, notably in studies of the earning capacities of machines in 
relation to cost and investment charges, and of layout of machines 
in the plant. The load chart, to show ih(* continuity of demand 
of the work orders on plant equipment, is a form of machine 
record chart. The ‘'progress of work’' chart is applicable to 
continuous procc'ss manufacturing the same as to inamifacturing 
on orders. It may be used in studying thi' operations on individ- 
ual machines or in departments. Work' in tlu* various offic(‘s 
nia}' be charted. One adaptation giv(»s an (excellent comparative 
record of orders and shipments, for both j)urchasing and sales 
departments. Considered as a whole, the (lantt chart system 
represents one of the most notable advancers which has b(‘en made 
in the field of managerial control. 

Measurement of Management. — Th(‘ continually increasing 
stress that is being laid on manag(‘m(‘n( methods in the entire 
field of our producing industries is tending toward the setting iij) 
of standards wdiich will make possible the calculation of managing 
efficiency. The responsibility of manag(Mn(‘nt for (‘ffective pro- 
duction was called forcibh" to the attention of the public by th(‘ 
report on “Waste in Industry" issued by th(‘ Fed('rat(‘d American 
Engineering Societies. The technical press is replete with 
discussions of management methods and of a(*complishments 
attained. All of this leads naturally to thc‘ qiK'stion of a possible 
measurement of the results of management in t(‘rms that pertain 
directly to the acts performed. 

Such comparison of performance must be in explicit t(»rms if 
it is to be of significance. This means that each branch of activ- 
ity engaged in by the managing staff must be segregated from 
the others. Each phase of a manager’s duties is, or should be, 
directed toward the accomplishment of some definite result, and 
each one should be weighed as to acconijdishment against a 
standard. A combination of the partial performam^es would 
then give an over-all efficiency, just as the combination of results 
in the several divisions of a steam powder station gives the effi- 
ciency of the entire plant. It is manifest that difficulties will 
be encountered in setting the ideal performance*, and that this 
ideal will be advanced with increasing experience and improved 
facilities in the form of better designed plants. Variations of 
this kind can be eliminated, however, by stating the standards in 
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terms dependent upon physical limitations of equipment, thus 
making the comparison one thaf will indicate only the personal 
achievement. What is sought is measurement of a purely human 
result by impersonal means. 

The recording of accomplishment by the graphical methods 
which have just been described is a move in the direction desired. 
Studies of man and ma(!hine performance suggest directly the 
ideal result. Failure to measure up to the ideal is due to the 
failure of someone to do all that was expected. Where to lay 
the blame — whether cJn management or labor, or on conditions 
outside the control of the producing organization — is the question. 
It. is clear that manag(unenFs efficiency record should not be made 
to sutTer on account of adverse market conclitions, for example. 
It is premature to attempt the development of a finished plan, 
but it is time t.o begin giving thought to the matter. 

A few standards may be suggested. I>)r the purchasing 
d<jpartment the basis is that of the average market prices on all 
materials purchased during the month. If the agent has gaged 
the market correctly and placed orders at opportune times, 
his record will be high. For the sales department it will vary 
with the charact(‘r of product. With a product going to the 
g(‘neral trade, the standard is the price at which sales are made; 
with a standard specialty, it is the amount; with a varied list 
of manufactured articles, it is the balance of sales through which 
all branches of the jdant are kept in operation. 

In the manufacturing department the test conies on the effec- 
tive* use of material, machines, and men. Material should be 
worked to form without waste*. ^lachines should bo employed 
<*ontinuousty in re'lation to the* e*xtent to which work orders on 
hand would require their operation when jobs are performed in 
stanelard time. If it is impossible to balance e(|uipment per- 
fe*ctly, some machine's work only part time while others work 
all of the* time*. A standarel for men would be per- 
forniaiK^e records clear from the interruptions from causes 
listed on the ( lantt charts, whie*h eeiuld be eliminated by 
perfect erodrelination. 

All these are suggestieins, merely, in an undeveloped fieleP 
which is awaiting exploration anel systematic study. 

* The pionc'cr in tins field is Professor .Xos. \V. Roe, to whom the author 
is indebted for •suggestions. See article by Professi>r R«»e in Mvchiniival 
Engineering^ November, 1923. 
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PERSONNEL CONTROL 

The selection and training o.^ workers constitute one of the 
important divisions in management. Comment has been made 
on the personnel or employment tlepartmcnt as a distinctive 
branch of the organization, but tji(‘ actual methods of handling 
this department remain to be considered. Adding new members 
to the working force by the hit-or-miss method of receiving those 
who apply in response to notices or advertisements regarding 
positions vacant does not yield results. The head of an employ- 
ment division, under ordinary conditions, will maintain a list 
of available workc'rs and determine in advance the chief, charac- 
teristics of the applicants. AVhile this may not always be possit)l(', 
the active employment agc'iit will see to it that he knows something 
of the natun^ and life history of workers l)efore they are taken 
on the force. 

To make this possible tluae must, be cooperation bet we(ui heads 
of the various operating d(‘i)artments and the employment office. 
Reports should bo made by th(‘ different def)artinents showing 
the present condition of the working force, and impending vacan- 
cies either from men quitting or being promoted, or through 
projected additions to the working force. This should be accom- 
panied by a statement of the nature of the work to be perforuK^d 
and any spetaal qualifications which are necc'ssary. Through 
such reports the din'ctor of employimuit is able to forecast the 
needs of the company for a ])(u*iod which will vary according 
to conditions, but whicJi should be* not less than two w(*eks. From 
the list of applicants, or, if this list is short, through incpiiries 
which* will bring to light possible workers in the vicinity or others 
who may be brought wlaui occasion demands, he may tlaui select 
those who, by nature and l)y training, meet the r(*(iuirements. 
This practice makes it possible to bring a higher type of employee 
into the plant and results in a diminished cost of training. 

When the time comes for the employee to b(‘gin his work he 
has already been designated for assigniiKuit in accordance with 
his abilities. lie is passed on to the foreman of the gang or 
division where his specific training for the job is begun. Shouhl 
he prove to be* unfitted for that work he is not at once cast adrift 
but is returned to the employment department which then pro- 
ceeds to find the position for which he is adapted, if conditions mak<i 
it pcjssible. There is always the possibility of a shift among mem- 
bers of the force by which someone may be promoted to the posi- 
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tion originally in view and thuR open the way for the prospective 
employee .• It is by such manipulations, based on a careful study 
of the needs of the different departments and of the character 
of the available men, already in the jdant or applicants, that the 
employment superintendent really p(Tf()rmR his true function. 

In the employment office two* sets of records an* kept. One has 
been referred to as the waiting list. This reckon! embodies the 
name and general description of the man, t og(*ther with a record 
of his past employment and experience, information as to his 
nationality, his family, and status as a citizen of the country, 
the conditions of his home and its surroundings, the scale of 
living wTiich he has been able to maintain through his earning 
capacity, and such other information as may be determinabh*. 

The other is a record of employee's. This record should include 
the history of every worke^r, from the time of his entering the 
plant. It covers such items as the kinds of ,wT)rk which he has 
done, his success in meeting the requin^ments of the job, and full 
information as to his advances in rank and in [)ay. In addition 
to these facts pertaining to his work for th(‘ company, there 
should be included information as tohisd(WHdopment and training, 
facts as to his home life, the opportunities which he has found for 
r(*creation or other forms of s(‘lf-(*xpr(^ssion in his private and 
social life. It is manih^st that such ji record is one to be consulted 
when questions of promotion are at stake. They supplement 
the official p(‘rfornianc(* records of the man on his job which are 
kept in th(‘ files of ilw ])lanning d(q)artment or of the department 
in which he works. 

The (Mni)loyment superintendent, in co(>peration wdth thejieads 
of th(* operating departments, should include in his dealings w’ith 
(employees a study of absenteeism. Th(' habit of irr(*gularity 
is one of the most troublesome feaitures in tlie conduct of an 
industry, but it has been demonstrated many times that con- 
sistent study of th<' underlying causes and motives which influ- 
ence the wi)rkers will {n-oduce gratifying results. Absenteeism 
will show' up prominently in any aileqiiate system of graphical 
r(‘cords, and thus it is bound to come to the attention of the 
ex(‘cuiive in charge of operations. The employment superin- 
tendent should.be in conference, and may take* a prominent part 
in carrying out the plans which may be formulated for combating 
this evil. Methods of meeting the "situation are not under dis- 
cussion at this point, further than to observe that the employ- 
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merit department should take cognizance of the situation, and 
in the record which is kept, of the personal characteristics of 
employees, give proper place to this characteristic trait. ^ 

The activities up to this point are those which pertain to the 
proper administration of a departnient designated for the 
employment and assignment of ^’orkers. The records described 
are those*- which show the facts which arc determinable by 
observation and inquiry, but which do not nec(\ssitate activities 
designed particularly for the welfare and educat ion of the workers 
as a group. If these additional activities are to be entered into 
by the management it means the formation of a welfare* branch. 
When this is done a more appropriate designation is that of a 
personnel department with two branches, employment and wel- 
fare. This more extensive line of activities in lines of personnel 
has not been taken as representative, so no detail(*d dis(*ussion 
will be given of the various activities which might occupy tin* 
attention of the welfare division, further than to note that in 
certain large industries of the country the work has been carried 
through with marked success. An ap[)roach to it may b(* made 
in smaller enterprise through a simple organization, by institut- 
ing a moderate program for education of workeis in gen(*ral lines 
in addition to the special training called for in the* work itself. 
Under proper guidance such activities will yield good n'sults. 
The possibilities of cariying on this work without the special 
welfare division depends upon the energy and cai)acit.ies of tlu* 
employment head, as well as upon the size of the plant. 

Measured in terms of economies secured, the* work of the 
empU\vm(*nt departnumt is effective in the reduction of labor turn- 
over. A successful employment superintend(*nt. will reduce the 
cost of breaking in new w^orkers through wise sel(*ction and appro- 
priate assignment to jobs, and b.y these same* acts, coupled with 
continued attention to the workers on the job, reduce* the number 
of those who quit. Since the eoM of turnover is measured by 
the product of the cost of training the workers and the number of 
workers taken into the plant, the saving is a doubh^ one. That 
the practice of maintaining a department of this kind justifies 
itself wherever conditions an* at all favorable is attest'd to by 

* A valuable contribution, and one which every one .should read, ia an 
article entitled ^^Thc Foreman and the Personnel Department,” by Calvin 
W. Rice, Secretary of the American Society of Mechanical Engineers, 
published in the September 1920 number of the Sibley Journal of Engineering. 
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the statements of departmtent executives, two of whom have 
already bften quoted in this chapter. 

While this saving in the cost of labor turnover is the one 
directly credited to th(‘ emidoynuuit departiiK'nt, there are 
bound to be other financial advantage's coining as a secondary 
effect from the work of t.lu* succ(‘ssful siiiierintendemt. As a 
r(\sult of consistent effort along the lines indicated the* worker in 
th(‘ plant will b(' more productive, for the double rc'asoii that he 
is b(‘tter prepared for his job, and is working in an almospluMe 
that is conducive to higher standards, h^vidence on this point is 
not always olitainable in direct terms, but the fact that it is true* 
can be proven by the statemcujts of many administrators who 
have giveui the plan adequate trial. 

INDUSTRIAL RELATIONS 

Th(‘ suiireme test of managenauit is in th(^ maintenance of 
satisfactory relations with (‘inploycM^s. A cordial and responsive^ 
attitude is (‘ssential to good ojierating conditions, ruder such 
conditions then* is no no(‘d for formalized machinery for the' 
adjustiiKMit of controversic's. 

It is not to be (*xp(‘ct(‘d, how(*ver, that such relations can always 
b(‘ mairitain(‘d. (\Ttain tend<uici(‘s, which have' th(*ir origin in 
human traits uiinece'ssary to describe, lead to uim'st and dis- 
satisfaction, freejiK'iitly originating in misuiideustandings or 
through influence's coming from s(uire‘e's outside the orgaiiizatie)n 
itself. The manage'm(*nt fewci's must recognize this faed and 
should give' intellige*nt stuely te> metheids of elealing with dis^mte's 
which may arise* in spite e)f sineawe effe)rts te) prevent tlieir 
e)ccurrene*e'. 

In ree*e)gnitie)n e)f the lu'eel fen* inehistrial harmejiiy, an Iiielustrial 
( \)nfere'ne*e' was eainve'ne'el in Wa.shingte)n by President AVilson, 
Dece'inbe'i* 1, 1919, fe)r the piirpe)se e)f inquiring inte) cause's of 
unre'st and sugge'sting means few the aeljustmeiit e)f elifficulties. 
The ( 'e)nfe'rene*e' re'conve'iieel in January, 1920, anel ]u epareel a report 
which cemtains many sugge*stive state'inents. While it re'prcse'nts 
iH) compulse)ry preivisions, never! hele*.ss its findings arc worthy 
of e*aredul consideratiein. A piewtion eif the repewt is quote'el in the 
folleiwing page's, embeielying as it eleie's a clear statement on an all 
important subject by a elistinctive grenip eif me'n, all of whom have 
hael wdele^ experie'nce' in business affairs, rnsuppewted though 
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it is by governmental authorit3", H has had undoubted influence 
in the forming of opinions and policies on the part of many 
administrative officials, and is a document eminently worth while 
for consultation. The part quoted deals mainly" with causes and 
prevention of disfiutes, but includes the statement ’bf a plan of 
settlement. For a discussion of th(‘ settlement plan the report 
itself must be consulted. While the countiy may not be n^ady 
for compulsoiy arbitration, and industrial conditions may not 
favor the general adoption of plans for employee rei)resenta- 
tion, still it is important that these* qiu*stions leceive <*arnest 
consideration.^ 

11\TKA(’T FlUiM TUI;: SkCO^ND KkI^ORT OF TIIK NATIONAL InUFSTKIAL 

COXFERKNCE 

Thv causes of industrial unrest are many. Among others they 
include the rise in tife cost of living, unrestrained speculation, sp(*ctacu- 
lar instances of excessive profits, excessive accumulation aiid misuse 
of wealth, inequality in readjustments of wage scales, release of idc'us 
and emotions by the war, social revolutionary Iht^ories imported from 
Europe, the beli(*f that free speech is restricted, the intermittency of 
ciinployment, f(*ar of unemployment, excessive hours of work in certain 
industries, lack of adequate housing, unnecessarily high infant mortality 
in industrial centers, loss of personal contact in large* industrial units and 
the culmination of a growing belief on the ])art of both employers and 
employees that a readjustment is necessary to a wholesome continuity 
of th(ur united effort. 

For the most part causes of unrest are not the result of the war; they 
have been accentuated by it. Mindi investigation and public discussion 
have Wen devoted to these matters. I'he r(‘lativ(* importance* and 
emphasis laid on the different causes varii‘s with (*ach inv(*stigat()r. 
The Conference*, in Part IV, lias inad(* sugg(*stions for dealing with some 
of the conditions enumerated, and it hopes that progn*ss toward remi'dy- 
ing them may be accelerated by the furth(*r dev(*lopment of eini)loy(*e 
representation and by the use of the sugg(*sted machinery for 
adjustment. 

There is, however, a feature of the pre.sent industrial unr(‘st wliicli 
differentiates it from that commonly <*xisting before the war. It cannot 
be denied that unrest today is charact<*rized more* than ever b(*f()re b.v 
purposes and desires which go beyond the mere demand for higher 
w^ages and shorter hours. Aspirations inherent in this form of r(?stless- 

> For further discussion of personnel mutters the reader is referred to the 
treatise “Personnel Administration,” by Teai> and Metcalf, McfUraw-IJill 
Book Co. 



ORGANIZATION AND MANAGEMENT 


279 


ness are to a greater extent psychological and intangible. They are not 
for that reason any less significapt. They reveal a desire on the part 
of workers to exert a larger and more* organic influence upon the processes 
of industrial life. This impulse is not to be discouraged but made help- 
ful and cooperative. With, comprehending and sympathetic apprecia- 
tion, it can be converted into amorce working for a better spirit and 
understanding between capital and labor, and for more effective 
cooperation. 

The wisest suggestions for the prevention and relief of industrial unrest 
are to be found by interpreting the best thought and experience of those 
employers and emplo3’’e(!s wlio, within the area of their own activiti 's, 
have most successfully dealt wdth the problem. The Conference in 
making fts final r(‘port has consid('red the interpreting of actual achieve- 
ments its most useful function. It believes that practical experience is 
more useful than the vic'ws of extreunists on either side. Such experience 
shows that no group of men can succc'ssfully undertake to deal with the 
interests of otlu'r groups witliout their cooperative^ participation in the 
methods of equitable adjustment. * 

The guiding thought of the Conference has been that the right 
ndationship bcdwi'en employer and employee can be best promoted by 
the deliberate organization of that relationship. That organization 
should begin within the plant itstdf. Its object should be to organize 
unity of interest and thus to diminish the area of conflict, and supply 
by organized codpi'ration between employers and employees the advant- 
ages of that human relationship that existed betw'een them when indus- 
tries w'ere smaller. Such organization should provide for the joint action 
of managers and emjdoyees in dc^aling wdth their common interests. 
It should emi)hasize the responsibility of managers to know’ men at 
least as intimatelj'^ as they know’ materials, and the right and duty of 
employees to have a kiiowdedgc* of the industry, its processes and 
policies. Kmployees need to untlc'rstand their relation to the joint 
endeavor so that they may once more have a cn^ative interest in their 
work. 

Industrial problems vary not only w’ith each industry but in each 
establishment. Therefon*, the strategic place to begin battle w’ith 
misunderstanding is w’ithin the industrial plant itself. Primarily the 
settlement must come from the bottom, not from the top. 

Th(' Conference finds that joint organization of management and 
employees w’herc undertaken with sincerity and good-w’ill has a record 
of success. ''Fhe general principles governing such organization are 
stated at length under the title, “Employee Representation.^' It is 
not a field for legislation, because the form w’hich employee representa- 
tion should take may vary in every plant. The Conference, therefore, 
does not direct this recommendation to legislators but to managers 
and employees. 
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If the* joint organization c»f manage«ne;it and employees in the plant 
or industry fails to reaeh a collective agr(*cment, or if, without such joint 
organization, disputes arise which are not settlc*d existing agencies, 
then the Conference proposes a system of settlement close at hand and 
under government encouragement, and a m.hiinium of regulation. The 
entrance of the Covernm(*nt into thes^ probleins should be to stimulate 
f urt h er ch > (> j )(*rat ion. 

The system of s(*ttlement consists of a plan, nation wide in seo})f*, 
with a National Industrial Board, h>eal Itegional Conferences and 
]h)ards of Inquiry, as follows: 

1. The j)artics to the disimb* may voluntarily submit their difference's 
for settlement to a board, known as a Regional Adjustment Conference. 
This ])oard consists of four repn'sentatives selected l)y the* partit's, and 
four oth(*rs in tlu'ir industry chosen l>y them and familiar with their 
j)roblems. '^riie board is ])resided over by a traineel government official, 
the* regional chairman, who acts as a conciliator. If a unanimous 
agreM'ment is re'ached, it results in a collective bargain having the same 
effect as if reach(*d by joint organization in the sliop. 

2- If the Regional Confen*nce fails to agree unanimously, the matt(*r, 
with certain n'strictions, gO(*s, und(*r the agr(*(‘ment of submission, to tlie 
National Industrial Board, unh'ss the ])arti(*s j)r(‘fer the (h'cision of an 
umpire selected ])y them. 

3. The voluntary submission to a Regit)nal Adjustiiu'iit Conference 
carries with it an agr(*('ment by both parties that th(*re sliall ])e no int(*r- 
ference with production pending the pro(*(*.ss(‘s of adjustment. 

4. If tlie ])artit*s, or eitlier of tliem, r<*fuse voluntarily to submit tin* 
dispute to tljc j)roc(*s.ses of tlie plan c)f adjustm(*nt, a R(*gional Hoard f)f 
Imiuiry is formed by tin* regi<»nal chairman, of two (unployt'rs, and two 
employ(*es from the industry, and not partic's to the* dispute*. This 
l^oard Jias the right, uneler pre»j>er safe*guarels, to subpoe*na witne*sses 
and re'cords, and tlie dut\' in publish its findings as a guide* tej public 
o[)inion. Kit her of tlie jiarties at conflict may jeiiii the Beiard of liupiiry 
on giving an undertaking tliat, so far as its side* is ce)ncerne*d, it will 
agree to submit its contention to a Regional Adjust me*nt ( /onfere*ne*e, 
and, if both jean, a R(*gional Adjustme*nt Cemfe‘rence* Is auteimatically 
creat(*d. 

5. The National Industrial Board in Washingtem has general 
oversight of the plan. 

6. The plan is applicable alse) tej )>ublic \itilitie*s, but in such case*s, the* 
government agency, having peiwe'r to re*gulate* the se*rvice, lias two repre*- 
sentatives in the Aejjustment Cemfcre*ne*e. Provision is made ffir ]>re)mpt 
report of its findings to the rate rc'gulating body. 

The Conference makes no re<;ommendation of a jilan to cover steam 
railroads and other carriers, feir which legislation has r(*cently been 
enacted by C km gross. 
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7. The plan provides machinery for jirompt and fair adjustment of 
wages and working conditions of government employees. It is espe- 
cially necessary for this class of employees, who should not jiermitted 
to striker. 

8. The plan involves no penalties other than those impos(‘(l by public* 
opinion. It does not im])ose compulsor 3 " arbitration. It does not deny 
the right to strike. It does not submit to arbitration the policy of the 
^‘closc^r^ or *^)pen” shop. 

Thci plan is national in scojie and o[)(Tation, yet it is decc^ntralized. 
It is different from aiij’^thing in operation elsewhere*. It is based ufion 
Amc'rican ex])eri<*n(re and is designed to mc.H‘t Ain(‘rican conditions. It 
(*mploys.no legal authority except the right of iiiciiiirv. Its basic id(‘a 
is stimulation to s(*ttlem(‘nt of differences by the jiarties in conflict, and 
the* enlistment of public o])inion tciward (‘uforcing that method of 
settlement.. 


Prevention of Disputes ^ 

Joint Or(junizatiou through Emplogw Rc2)rcsfutiition 

Prevention of disputes is worth more* than cure. Thc^ Conf(*rence 
f<‘els that a new basis of industrial ]K‘ace may be found in the further 
develo])ment of the democratic organization of the* r(*lations of employers 
and einployc‘es, now widely in progrc'ss tlirough the country. 

IModern industry, as conductcMl in large ])lanth, has caused a loss of 
pc'rsonal contact between employees and emiiloyces. It lias also 
caused, through high sjiecialization and rc'petitivc* mc'chanical })rocesses, 
a loss of creative interest. Dut it makes possible* a greater ])roductii)n 
of the material tilings which contribute to the common resources of the 
people. Upon theses resourc(*s an advancing civilization, with a higher 
common standard of living, must depend. , 

Direct jx'rsonal contact in tin* old manner cannot be reston*d. It is 
necessary, therefore, to find tin* best possible sub.'^titiite through demo- 
cratic r(*presentation. Ihn])loyees iie(*d an established channel of 
(‘Xfiression and an opportunity for responsible consultation on matters 
which aff(‘ct them in their ndations with their em|)l(>y(‘r^ and th(*ir work. 
Then* must be iliffused among them a Ix'tter kno\\l(*dge of tin* industry 
as a whole and of their own relation to its succi\ss. Jhnj)h\vee re])rcsen- 
tation will not only (*nabl(‘ them better to advance their own interests, 
but will make them more definitely conscious of their own contribution, 
and their own responsibilities. 

lOmphyec repr(*sentation has been iliscussed under different names 
and forms, such as shop committees, shoj) councils, works councils, 
representative government in industiy, aiid others. But represi'iitation 
is a dc^finite princi])le rather than a form. The Conference, therefore, 
])refers the generic term “employee n*])resentation.” In using this 
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term the Conference has in mind £he' successful application of the 
principle to various activities outride, as well as within, the purely 
industrial field. 

From both employers and emjiloyees the Conference has received 
tlioughtful and helpful sup;p;estions as to tile possibilities, 'under prop(‘r 
conditions, of employee representation. These suggestions clearly 
proceed from a genuine desire that this movement may s])read in accord- 
ance with sound principles and be kept from perversions which would 
threaten its lasting usefulness by making it an agency of attack rather 
than a means to peace. 

Emplo^^ee representation organizes the relations of employer and 
employee so that they regularly come togc^ther to deal with their common 
interests. It is operating successfully under union agrecunents in organ- 
ized shops. It is operating in non-union shops, and it is operating in 
shops where union and non-union men work side by side. In plants 
working under union agreement, it adds to collective bargaining an 
agency of cooperation within the plant. It is itself an agency of collec- 
tive bargaining and cooperation wdicre union agreements do not obtain. 

It is idle wholly to deny the existence of conflicting interests betw(i(m 
einjiloyers and emi)loyeos. But there are wndt' an^as of activity in which 
their interests coincide. It is the part of statesmanship to organize? 
identity of interest w’h(*re it (‘xists in order to reduce the area of conflict. 
The representative principle i.s needed to make effective' the employee’s 
interest in production, as well as in wages and working conditions. It is 
likewise needed to make more effective the employer’s interest in the 
human clement of industry. 

The idea of employei' representation has aroused opposition from two 
sources. On the one hand, in plants too large for direct personal con- 
tact, employers who still adhere to the theory that labor is a commodity, 
hold fiff from an}'' form of cooperation wdth employees. 'J'his view is 
steadily disappearing and will, it is hoped, wholly disapi)car. On tin? 
other hand, a number of trade union leaders regard shop repri'sentation 
as a subtle weapon directed against the union. This thought is appar- 
ently based on the fear that it may be used b}’^ sonic? emploj^ers to under- 
mine the unions. Conceived in that spirit no plan can be a lasting 
agency of industrial peace. 

But occasional misuse of employee representation and the conseciuent 
hesitancy of organized labor to endorse it officially are based on a mis- 
conception of the possible and desirable relations between the union 
and the shop committee. This relation is a complementary, and not? a 
mutually exclusive, one. In piany plants the trad(' union and the shop 
committee are both functioning harmoniously. In some establishments 
the men are unionized, and thd shop committees are composed of union 
men. In others, some men belong to the trade union w'hilc all belong 
to the shop organization. 
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The union has had its greatest^ success in dealing with basic working 
condition^ and with the general level of wages in organized and partially 
organized industries and crafts. It has also indirectly exerted an influ- 
ence on standards in unorganized trades. There is no reason to suppose 
that in the future this influence will not continue. 

Local problems, liowevor, fall Naturally within the province of shop 
committees. No organization covering the whole trade and unfamiliar 
with special local conditions and the questions that come up from day 
to day, is by itself in a position to deal with these questions adequately, 
or to enlist the co(')peration of employer and employee in methods to 
improve production and* to reduce strain. Except for trades in which 
the union itself has oj)erat(‘d under a system of employee representation, 
as it does in shipbuilding and in the manufacture of clothing and in other 
trades, these internal factors are likely either to he n(‘glected or to be 
dealt with in a way which docis not make for satisfactory cooperation. 

The existcMiee of (*inj)loyee representation in plants operating under 
union agreennuit does not necessarily reduce^ the scope of the union 
represen tat iv(‘’s work. But matters are more lik(^y to come to him as 
questions of the api)lication of an agreement rather than as mere griev- 
ance's. In other words he has greater opportunity for sc^rviee in negotia- 
tion of an essentially conciliatory nature. The fortunate results of such 
development have boon evident in industries in which employee repre- 
sentation and trade unions have for some time bc^en functioning 
harmoniously. 

Employee representation must not be* considered solely as a device 
for settling gricv’ancc's. It can find success only if it also embodies 
cooperation in the prc)hlem of production. Whatever subjects the 
rej)res(*ntatives come to feel as having a relation to their work, and th(»ir 
effectiveness as members of the jilant, may come within the field of 
committac consideration. It is a thing to be undertaken, if at^all, in 
a thoroughgoing way. Rei)resentatives must be selected by the 
employees with absolute freedom. In order to pre\’(mt suspicion on any 
side, selection should b(' by secret ballot. There must be equal freedom 
of expression thereafter. All employees must feel absolutely convinced 
that the management will not discriminate against them in any way 
because of any activities in connection with shop committees. Meet- 
ings should be held frequently and regular!}', not merely when specific 
disputes are thrijatened. Both sides must be prepared to study the 
l>robleins pn^sented ami must give them patient, sc*rious and open- 
minded consideration. Inhere should be made av'ailable those facilities 
and facts essential to the formation of soundly based conclusions. 

Employee representation offers no royal road to industrial peace. 
No employer should suppose that merely by installing some system of 
shop representation lie can be assured, without continued effort, of 
harmony and increased production Doubtless there will be failures 
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whore the plan is adopted as a fad o> a* panacea. It is only a means 
whereby sincerity of purpose, frank dealing and the establishment of 
common intcTosts, may bring mutual advantage. 

Th(‘ dev(‘l()pnient and inaintenanee of right n'lations bet ween employer 
and (‘inployee re(iuire more tlian mere organization. Intelligent 
and wise administration is nec'ded ofrall those probhnns of production 
that din'Ctly touch the (‘inployee. (-onditions alTc'cting human beings 
in industry were, during tlie last g(‘neration, largely in charge of men 
whose si)(‘cial training had l)(‘(m d(‘vot(‘d to tlu' meclianical side of jmiduc- 
tion. Much study was given to the machinery and ))roc('ss('s upon 
which men worked. But the factors that cf^ntribute t.o the liroader 
human d(‘velopment and satisfaction of th(‘ (‘m])loy(‘e and that lead to 
incr(‘ased jiroductivity W(‘r(‘ too lu'arly lU'glectc'd. The elimination of 
human friction is, evtai from the jaunt of view of increased production, 
at least no less ini|)ortant than th(‘ elimination of waste in materials, 
or in nmchanical jinwin*. 

MstablishitK'uts in which the ultimate managtmumt is of necessity 
\\id(')y r(‘mov(‘d from the enii)lo\T(‘s, require' jiro vision for s[)ecializ(‘d 
study of industrial rc'lations. Jiut the right (HUKTpt of human relations 
in industry, which should be the jiriinary inijudse of managem(‘nt, is of 
full valu(‘ only wIk'Ii it jn'mieates the entire administrative forc(‘. 
Farsight(‘d (‘xecutives testify to tlie advantage gaimal from careful and 
jiainstaking efforts to encourage and educate th(*ir foremen in the 
jiropf’r attitude toward emj)loy(*es. 

A larg(‘ jirojiortion of nuui train(‘d in our (nigimwing and teclinical 
schools now j)ass into (‘xecutive ])ositions. It is, th(*r('fore, desirable 
that th(‘se scIkjoIs >hould ju’ovide courses of instruction in which th(‘ 
jisychological and industrial background for human relations work 
shall be dc'veloj^x'd. lUit no amount of (‘ducation outside the jilaiit will 
nunovj; th(* nf*ed for th(‘ systematic training of the force' within. 

Some industries liavt' exP'iided tin* jirincijiles of emjdoyc'e r('pr(‘S(*nta- 
tioii b(‘yond the individual ])lant. The voluntary joint councils which 
have thus been s(‘t up in the cl(»thing industry, in the i)rinting trade, 
and (‘ls(*wh(Te arc' fruitful (‘Xjx'riTmmts in industrial organization. 

The Confer(‘nc(‘ lias had the b(‘nefit of t(‘stimony from both emjdoyers 
and employee's who have had exjM'rience of the results of employee 
repr(\sentafion. An (‘nthusiasm has be(‘n shown which coiru's from 
a sinc'CH' fce'ling of substantial |)rogr(‘ss in thc' devc'lopment of 
human relations. 



CHAPTER XI 


COSTS 

Cost considerations are at the center of administration. Cost 
control is a matter of executive action and its treatment is made 
tlie subject of a separate chapter only because of its importance. 
In the [)re(*eding chapter several phases of its handling have be('n 
referreef to, espc^cially as to its position in the* managing organiza- 
tion. On the basis which has been advocat('d, wluTeby the pro- 
duction control department attends to the gathering of primary 
records which arc* then made available both for the preparation 
of reports ndating to ojxu’ations and for the ijiore extended work 
of the cost accountant, close and active coordination is required 
between the oi)erations f)Ianning room and the accounting rooms. 
This should lu' considen^d in the layout of the service rooms 
in the plant. 

In a book d('vol(‘d to the broad held of AlanagcaiH'nt l^ngineer- 
ing there is insufficient space* for the devel()i)ment of details 
of accounting methods. That task is within the province of 
the cost specialist, and many excellent books' and articles are 
available to the* r(*ad(*r who d(*sires to follow the subject more 
closely. The only p\ir[)OS(! of this discussion is to bring out those 
characteristics of costs and cost accounting with which those 
c()nc(*rned with the active control of operations should be 
familiar. 

^ “PnKluclicii Kiigiijccriiig and C’ost Keeping,” Basskt & Heyw(M)D, 
Mc.(iraw-llill Book (\). 

“Cost K(*cping and Scientific Management, ’ H. A. Evans, McGraw- 
Hill Book Co. 

“Works Management,'’ W. D. Ennis, MeCiraw-IIilI Book Co. 

“Cost ]{ej)orls for Executives,” B. A. Franklin, ’Hie Engineering 
Magazine ('o. 

“Grapliic I’roduction Conirol,’’ C. E. KxoKreKL, The Engineering 
Magazine Co. 

Magazine Articl(‘s: 

“Managerial (Control through Costs, ’ J. F. Jordan, Manageincnt 
Engineering^ Fehruary-June, 1923. 

“ Wliat Cost Knowledge Is of M(»st Worth,” G. C. Harrison, Manage- 
ment Engineering, Februarv, 1922. 

2S5 
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A knowledge of costs is essentia! to the successful management 
of an enterp^rise. The end and, aim of management is*^to reduce 
the cost of production. All that has gone before in the way of 
studies in the effective control of labor, material, and plant serv- 
ice has its point of application in the effect produced on opera- 
ting cost. To make such efforts effective, those having to do with 
the pro})lems of management must have an understanding of the 
elements of cost, and of the relative significance of the many items 
which involve expenditure. In the end every dollar paid out on a 
transaction, whether if. be to parties outside or inside the organi- 
zation, must be charged against the plant product. To make the 
enterprise a profita])le on(\ often to make possible its existence, 
such expenditures must be kept on an appropriate level. Nig- 
gardly economies are not representative of efficiency, but it is 
essential that work be adjusted to a definite plan and all duplica- 
tion and wasted effort eliminated. To accomplish this calls 
for regulated control all along the line. 

The peculiar opportunities for saving in the operations depart- 
ment have led to the development of the planning and control 
methods which are now found in representative plants. In 
other departments the control of activities calls for corresponding 
measures. It devolves, in great part, uf)on the cost accountant 
to act as a planning expert and tf> devise a system of regulatory 
checks and reports that will lead to the kind of control required. 
This means that cost accounting is no longer a mere bookkeeping 
function. It calls for active study of methods in vogxie every- 
where in the jdarit. The expense of maintaining all of the 
branches outside of the operations department must be treated as 
a general overhead, and when the product ineJudes more than a 
single article a system for distributing expenditures must b(j 
devised and administered so that the proper amounts shall be 
borne by each portion of output. Hiis c.alls for detailed knowl- 
edge of conditions and of the character of the many kinds of 
service. The head of the costs service has become an official with 
heavy responsibilities and intimate contacts with all parts of thc‘ 
enterprise. His concern is with the future^ rather than with the 
past. 

Cost Elements. — The terms employed in calculating costs 
should be understood }>y all. It is apparent that different 
methods are employed in handling cost items, which means that 
correspondingly different methods must be used in exercising 
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managerial control. The following division is one commonly 
adopted. • 

1. Direct Cost , — Another term frecjuently applied is prime cost. 
It is made up of those ^diarges which can be applied to each 
article produced, such as dirdet material and direct labor. By 
keeping records of machines employed on each job or lot of goods 
manufactured, it is possible to make direct charges covering 
several items of expense connected with the operating and 
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maintenance of (‘(pnjmu'iit. The extent to which this is carried 
depends upon circuinstances. In general, it may be said that the 
direct charging of cost items should be carried as far as it may 
without involving inordinate labor in accounting, to avoid errors 
which are bound to occur when general items have to be allocated 
by ap])r()ximate rules of distribution. 

2. Factor f/ Expense or Burden . — After the direct charges have 
Ix'cn made there remain many items of expense which cannot be 
assigned directly to different products. They include salaries 
of the superintending staff and all members of the factory office 
force ; indirect labor of various kinds employed in moving material, 
janitor service, etc.; power, heat, and light ; repairs and mainte- 
nance on equipment and buildings; insurance and taxes on that 
portion of j^lant, equipment, and mat ('rial which relates to the 
manufacturing division; and six'cial service in tool making and 
pattern making when those articles ari' carried over for use on 
duplicated orders. The last item may be divided and charged 
directly. 

3. General Expense . — Sometimes this is distinguished as 
general office expense', when sales expense is considered sepa- 
rately. When accounting has been developed to a fine degree 
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the expense of maintaining other departments may be s(^parated 
from the total. For example, the purchasing expense lias a 
different relation to material than that boriu' by other officii' 
d(‘partinents, and it may be distributed by a rule of its own. So 
with the employment departrner?!. in its relation to labor tiuK*. 
The whole of general (ixpense is usually distributed over product 
on a different plan than that employed in distributing factory 
expense. Conditions arc' so variable in ditterc'nt industries 
that it rniisl be left to the accounting force to determine tin* 
extent of dc'tail to which it may go in making separation of it(‘ms 
for distribution. 

4. Profit and Ln.s.s.- -This, when added to the total of all that 
precedc's, gives selling ])rice. (.>f course the actual price may lx* 
determined by competitive market, conditions so tliat profit and 
loss is a derived (quantity, but thc'oretic'ally it is considc'n'd as a 
determinalile element. The rational basis of distributiem is as a 
straight percc'iitagc' on the total cost made up from th(‘ acdual 
cost elemcmts. It frecpiently happens, howc'ver, that some' 
articles are sold at a profit, and thcTcby make' u]) lossc's on otln'rs. 
This scTves to demonstrate' th(' true value of corrc'ct cost account- 
ing. The management needs to know wliicdi articles ai(‘ th(' 
profitable ones to manufacture, as well as which oih's lU'c'd to 
l)e invc*stigat(*d for the purpose of reducing actual cost. 

Derived terms are Factory Costy found by adding Jlircct (\tst 
and Factory ExymsCy and Total Cost which is found by adding to 
the factory cost the items includc'd in General Expense, 

Distribution of Expense.- -The propc'r distribution of the 
factory and genc'ral expc'nse constitutes the most comph'x task 
of cost accounting. It is (‘vident that it must be doin' by some' 
plan of proportional calculation, but this nxiuires the sek'ction 
of the basic quantity that is to serve to fix th(' ratio. At Ix'st it 
is an approximation and th(‘ chance for (*rror Ix'coiiK's h'ss the 
greater the amount of th(' din'ct charges made against any article' 
in proportion to the amount of the indirc'ct. 

Th(i basis employc'd fm* this distribution proc(*ss must b(' one' of 
the directly reconh'd ite‘ms of cost, or some* combination of them. 
The one most commonly use'll in the past is elirect labor time. 
When thus employe*d the t(?tal time elevote'el by labor to the 
elirect production is reewelenl, togethe'r with the^ total of the 
expense whie'h remains te» be distril)ute‘el. The' ratie) e>f the' labor 
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time charged against any «n» article of product to the total 
rc'corded labor time becomes the ratio of that portion of the 
expense which is to be charged against the article in question. 
It is ovid('nt that this is a true distribution only in cases when the 
expense* is truly indicated ’by the time of workers. As a matter 
of fact this condition never exists. Some items of expense which 
enter into the* sum total to be distiibuted bear no relation what- 
soever to labor time. To u.se this method of distribution is 
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1)01111(1, tlH*n*i’or(\ to occasion (Tror, th(‘ only (‘\cus(‘ for its tolera- 
tion lunn^: that ('very otiu'i* simple' nu'thod that has Ihhmi ch'viseal 
is suhji'ct to (M-rors of the same g;(*neral character. 

Anoth('r basis \vhi'*h has b^M'ii (‘mploycal at times is labor cost. 
It may In' ar^uc'd that c(Ttain portions of thcj; total expense to b(' 
distribut'd Ix'ar ('loser rc'lation to the cost of labor than to the 
labor time. Th(' ('inployment of this mc'thod means that article's 
which have* b('('n produced by the higher priced skilled labor, and 
so hav(' th(' larmier itt'ins of labor cost, will be conipolled to absorb 
a larger portion of the overhead than would be the case if the 
distribution were made in accordanc(' with the direct labor tiiiK'. 
Wh('th('r this is a more just distribution depends on circum- 
stances. Till' skilled labor may bi' associati'd with hip:h-priced 
tools and (‘(piipment, the mainti'nance and investmi'iit charg('s 
on which make u|) a considi'iable fraction of the total expense, 
and so far as this ri'pri'si'iits thi' situation the labor cost is a 
bi'ttcr basis than labor time. On the other hand, it is probable 
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that the cost of supervision beais more heavily upon the jobs 
performed by unskilled labor , than upon those performed by 
skilled, and in the same degree will it be true that the labor time 
method gives the truer figure. 

An analysis of these elements of cost in relation to the directly 
recorded elements loads at once to the idea that the extent of 
utilization of machines may be employed as the basis for distri- 
bution. This is true particularly for those processes in which 
practically all stops are carried out on machines. Continuous 
process plants, where the skill of supervisors is devoted largely 
to the adjustment of (Hpiipment and wdiere labor is dominated by 
the machine, afford instances whtTc machine time is satisfactory 
as a basis of distribution. In carrying out the work, all that is 
necessary is to record the total number of hours that each machine 
is utiliz<»d in the turning out of each individual article, from which 
t.h(‘ total numbeii of machine ho\irs emi)loyed dii-ect.ly in t.he 
plant for any given period of time follows. The ratio of hours 
applied to any article to the total for the plant is the index of the 
portion of the total exj)ense that is to be charged against the 
article in question. 

While this gives satisfactory results for industri(\s of the 
character referred to, machine time is far from being satisfactory 
for the majority of plants in which the process involves labor in 
its more varied forms. For such plants machine tim(i may b(‘ 
made to serve as a basis for the distribution of cc*rtain portions of 
the general expense, but to attemj)t to distribute the entire 
amount gives rise to serious errors. 

A{?a matter of fact, no one of the three simple bases, labor tim(‘, 
labor cost, or machine time, is quite suitable for any plant 
engaged in general manufacturing wherein both machines and 
independent labor exert important influences on the cost of 
production. Because no one of these does serve adequately, the 
distribution of expense is the difficult task that it is. No perfect 
system has been devised, but various plans have been evolved 
w^hich eliminate some of the errors which accompany the simple 
methods. These more complicated methods require more work 
for administering, but accuracy is not to be expected without 
effort. It is a question simply of whether a method can be 
devised, such that the benefits arising from the greater accuracy 
will warrant the greater expenditure in operating it. Therein 
lies the problem of th(' cost accountant, wdio must determine by 
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study of tjic varying characters of the expense items the bases on 
which they may best be related lio the items of product, and who 
must decide how far it is worth while to go in making the distribu- 
tion by methods truly ac(;urate. 

Two plans only will be m«intioned, these being selected to 
indicate the characteristics of methods which have been evolved 
for handling this difficult matter. Under th(5 first the several 
items which make up the factory overhead an*, divided into three 
or more groups. Those items which are of such character that 
the expemse varies with labor time are distributed on that basis. 
This will include wasted time, heat, light, supervision, (unplo^^ers’ 
liability insurance, insurance on buildings, and indirect labor. 

Other items which have a closer relation to machine time make 
up the second group, to be charged against the product in accord- 
ance with machine time. This ma3" include power, repairs and 
replacements, depreciation of equipment, infeurance on equip- 
ment, and a portion of taxes. There may be included in this 
group some portion of taxes, and such professional service and 
labor as may be applied to the supervision and maintenance of 
eciuipment. When these two groups of expense items have been 
charg(‘d against tlu^ i)roduct and add('d to the initial direct 
cost, there r(\sults what may be termed ‘‘correcited direct cost.*' 
This corr('ct(‘d cost may them be used as a basis for distribution 
of the other items of overhead expense which remain, including 
administration, selling, designing and development, and various 
general office accounts. Where the work has been well systema- 
tized, such a method of distribution mav be administered without 
great expense, and with results which accord more closely to 
true costs than can be secured by the employment of any one 
of the simple bases. ^ 

A second method termed the ‘^production center basis’* has 
been devised by A. II. Church. It has been used with success 
where sufficient attention has been given to making the initial 
studies. The basic idea is that each individual unit of work is per- 
formed in a space definitely allotted to it. Presumably one 
worker occupies this space. The space is provided with the 
necessary tools, whether it be an oi)erating machine or bench 
space. One may imagine each of these production centers to be 

• 

* For further details of this system see “Works Management'’ hy Kxxis, 
McGraw-Hill Book Company. 
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assessed in accordance with the value of all equipment; within it, 
and with full charges for light, heat, power, and all forms of 
miscellaii(»ous service. The sum total of charges made against 
each center makes up an item which may be considered as rent, 
reduced to the hour as a unit ofetime. For each job then' will 
then be recorded the time which was spent at the various produc- 
tion centers so that there can be charg('d against. th(' job th(* 
proper amounts in accordance with tlu' scab* which has been 
prepan'd. 

However coinpl(*t(‘ly this plan may bi' dc'vt'loped, tlu'n' are 
bound to be C(*rt*‘iin items of ('xpcuisc' which cannot jm'pc'rly be 
charged against any of these' unit sj)aces. TlK'se* left-over 
expenses must then be charged against product by some one* of 
th(‘ established methods, labor time' ])eing a common basis.' 

COST CONTROL 

(.V)st keeping is to be considered as an aid to manag('rial control. 
This means two things. Information derivc'd from cost data 
must be immediately available for use' in coniu'ction with th(' 
administering of producing departiiK'iits and the' clu'cking of 
all ('xpeiiditun's, direct and indirect; and the* cost accounts 
themselves must be laid out in such form that tlu' indirect 
('xpenses may be* distributed in accorelaiice* with the* met heals which 
give most accurate re'sults, feu* use in the* elete'rmining of peilicie's 
elependent upon the (‘osts e)f the' various ite*ms e)f proeluct. To 
aercornplish the^se e)])je'e*ts the book ae*e*e)unts to be* e*arrie*(l must 
be considere'd carefully. 

The gathering of dire*ct data on la])or anel materials has be'e'ii 
treated alreaely, and illustrative forms of time carets and stock 
recorels shown. The information carrieel on the'se* carets is 
assembled and finally ente'iM'el as charge's against the* several 
accounts in accordance with the following g(*neral jdan, it being 
understood that each concern has its own spe'cial conelit.ions te) 
meet and that no one outline of me'thoel e*an do more than suggest 
the purpose's to be accomplished. 

In th(' ge*neral case an account is carrieel fe)r the'se* elire*e*t erharge's 
for each item of product for which the* ce)st is elesired. For a 
plant turning out one continue)us product, such as cement or 
refined sugar, the department cost may be the obje'ctive. Time* 

* For (^e^t^lils seo “Di.strilitition of Fxpf*iise* Burden,” A. H. C'iniite’ii. 
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and material card data will be assembled on sheets prepared 
for convenience of summation, And the totals entered on job or 
department cost cards. These cost cards, arc, in effect, separate 
ledger accounts, on whieJi, however, only the debit entries are 
made. Space on the cards is provided for entering the amounts of 
factory and general expense which are charged against the job 
or department in accordance with the method in vogue for dis- 
tributing such charges. On completion of llu? job, or at time 
intervals for a department, the total cost is sumnu'd up and the 
card is filed away for reference. 

Labor time and material devoted to indirect service in the 
establishment, which will form portions of the factory and general 
(‘xpense, are assembled in similar manner for charging against 
appropriate accounts. A list of these accounts is given below. 

After the data have been drawn off on job or special service 
sheets, the time cards arc passed on to the pay roll department 
wh(^re the proper entries are made to facilitate' the making up of 
the pay roll at regular intervals. This (h'partment (*arries its 
own charge account, covering the entire establishment. In a 
similar manner th(‘ mat ('rial cards, or their duplicate records, are 
used in the stock accounts, amounts issued on the several 
jobs being entered as credits for checking against materials 
received. 

Thes(' simi)l(' statemc'nts do not express th(' importance or 
complexity of the task of distributing labor costs to th(' various 
divisions which make up the sum total of plant activities. The 
bookk('eping part is simple enough, but it requires car^' and 
judgment in laying out the plan of classification which will 
assign labor aiul service costs in a rational manner. It has 
been remarked Ix'fore tliat the direct charges should be made to 
cover as large a portion of the total as possible, in order to reduce 
the amount to be distributed by i)roportional methods. With 
a well-developed system, it is practicable to assign a considerable 
portion of the salaries and wages of the superintending staff, 
tool room labor, repairs on machinery, insp('ctors, timekeepers, 
and other groups of workers, ('it her direct to jobs when these 
are large undertakings calling for the entire attention of the plant 
for stated periods of time, or to groups of machines for which 
hourly machine rates may be calciulated with accuracy, thus 
making more specific the charges to jobs. After such charges 
have been made, the unassigned portions of the service expense 



294 


MANAGEMENT ENGINEERING 


f 

are thrown into the factory expense group for distribution on the 
proportional plan. 

To provide for this semi-direct allocation of expense there 
must be carried a set of charge accounts. within the manufacturing 
department, intermediate between the direct job accounts and 
the factory expense accounts. This should include; 

Superintendent, foremen, etc. 

Shop engineering. 

Planning department force. 

Inspection. 

Tool room. 

Time keepers. 

Move material gang. 

Direct machine repair and special machine set-up. 

This sj'stem permits of the direct charging of a considerable 
portion of the general factory service against jobs or departments, 
and therefore of more accurate cost analysis. The method of 
procedure is indicated more clearly by the accompanying form 
for summarizing the accounts, with the note attached thereto. 

Other charge accounts in the manufacturing department, for 
recording labor and other expense items not covered in the above, 
and which make up true factory expense, to be charged to jobs 
by the proportional scheme, are: 

Power, heat, and light. 

Plant service — janitor, etc. 

Building repair. 

Equipment repair, general. 

Materials handling, general. 

Miscellaneous indirect labor. 

Insurance, machinery. 

Insurance, buildings. 

Taxes, machinery. 

Taxes, buildings. 

Depreciation, machinery. 

Depreciation, buildings, 

Others as conditions may dictate. 

For distributing materials.and supplies to either jobs or depart- 
ments a parallel set of accounts may be carried, against which 
material and supplies will be charged, or provision made for such 
entries on the same forms with labor costs. 
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To provide for an analysis of selling expense, accounts should 
be carried as follows : 

Sales office. 

Sales agencies — one for each branch office. 

Salesmen — salaries, commissions, expenses. 

Advertising. 

Freight and express. 

A suitable distribution of the general expenses is secured by a 
set of accounts which includes; 

Salaries, general offic(Ts. 

Clerical salaries. 

General office — furniture and supplies. 

Engineering and design. 

Drafting office -salaries and supplies. 

Experimental and development account. 

Trans{)ortation — general travel. 

Garage. 

Legal expense. 

Communications — i)ostagc, telephone, telegraph. 

Buildings— repairs, maintenance, and depreciation. 

Patents. 

(General pro[)erty not employed in direct plant activities. 

General police and watch service. 

Miscellaneous. 

Others as conditions ina}" dictate. 

The final step is to asstunble all items of cost on the cost card. 
The a?v*x*ompanying form illustrates such a card, adapted to 
manufacturing })y tlie jo}> order method. 

Segregation of expenses under these numerous accounts miglit 
not be nee(?ssary if the only consideration were that of securing 
information on the amounts to l)e distributed as factory and 
general expense*, or overhead. But herein lies the difference 
between the traditional and the modern methods of cost account- 
ing. Detailing of expenditures is necessary for a proper cost 
control. In the evolution of management methods attention was 
(lir(*cted first to the accounting of labor and materials employed in 
direct operations. Investments and sales expense have also bec'n 
accorded careful scrutiny. But the great body of expenditures 
which fall into the groups efesignated as “overhead” has been 
given scant attention. The control of these items is an important 
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task for.the cost accountant, and is a fertile field for intelligent 
study. The manufacturer of the present day is confronted with 
the serious problem of maintaining himself in the markets of the 
world. To meet compe.tition only one recourse is open to him, 
and that is to reduce prodmetion costs. This must b(i done 




70 Defi^RfMtNfS TO FIX MACHIHe-HOUR RATES 

Fia. 32. — Cost rarcls. 


despite adverse influences in the form of high wages, a high 
material market,, and a high fuel market. The result will be 
accomplished only through the exorcise of a superior quality of 
management, dedicated to the proposition that every phase of 
operating activity is to be subjected to most careful scriitinj’^ and 
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brought under control. Exact information is the .basis of 
control. It is a fortunate circumstance that the National Asso- 
ciation of Cost Accountants is devoting much of its attention to 
the study of the important question of V expense.”^ 

In the preceding chapter considei-able attention was devoted to 
graphical records. It should not be overlooked that this form of 
aid to management is closely associated with cost. data. Per- 
formance in the meeting of cost standards is readily indicated 
by graphical charts, and much may lx* accomplished by their 
use. Information presented in this form is t*asily understood and 
should b(* placed where every worker and every official in the 
establishment may see the results. 

Based mainly on combined cost and sales accounts is the 
Statement of Op(*rations of the enteri)rise, covering some stated 
period of time, either the month or the year. It should be 
gotten out monthl\’*for the guidance of the management. Along 
with the monthly statement should be shown the cumulative 
figures for the fiscal y(*ar, and also figures for the preceding twelve 
months as a moving annual total according to tlu^ i(l(*a of the 
Z-chart described in the preceding chapter. Tlx* following 
is an illustrative statement for the month alone. 


Statement of Opeuations 

Fok Month Ended Cumt lative kor Vkah 

30, I ri- TO 30.102- 

Sales . ^ .. $02,500 20 

I^*ss returns $ l.iJOO 50 

Cash discounts. . .. 2,400.00 

Other allowances 125 40 ii,825 90 


Net sales .... ..$58,074 .35 

Cost of goods sold ... $47 , 840 05 

Additions through ahnor- 
nitils; 

Development, prior 1,250 00 

Toolroom, debit.. 324.30 48,700 35 


Net income from oper- 
ations $ 9,908 00 

^ See article,” Managerial Corftrol through C/Osts,” Management Engu 
neering^ February and March, 1923 by J. I*. Joudan, President of the 
Association. 
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Statement c^p Operations {Continued) 

For Month Ended Cumulative for Year 

—^ 30 , 192 - UP to 30 . 192 - 

$1,490 85 
82 70 

42.60 1,616 15 


$11,524 15 

$ 122 40 

6;i 55 185 95 

ITet profit from opor- 

iitions $ll,I5.'i8 20 

Deduct quarterly dividend $8,000 00 
Deduction for transfer to 

reserve accounts 1,600 00 9,600.00 

Balance trans, to surphis $ 1,738 20 

Surplus bcf^inning of period 87,420 42 

Surplus at end of period $89,158 62 

Tho foropoinp; discussion has been directed toward conditions 
in the machine manufacturing industry. This has been so 
because of obvious advantages which come from confining illus- 
trations to a specific line. With proper modifications, however, 
the principles outlined may be applied to any activity. 

An int(Mesting development has betui going on in the standardi- 
zation of railway accounts under the direction of the Interstate 
Omimerce C'ommission. The valuation of railway i)roperties, 
now iK'arly completed, furnishes tho basis for effective super- 
vision. To make secure the benefits of that undertaking it has 
been necessary to formulate plans for an accounting practice, 
uniform for all roads, and calculated to give an accurate record 
of expenditures classified so as to show operating costs in the 
several departments. The following outline gives the main 
features of the system. 

Detailed instructions were issued by the Interstate Commerce 
(bmmission in May, 1914, prescribing the Classification of 
Operating Revenues and Operating Expenses of Steam Roads,’' 
and also the ‘‘Classification of Investment in Road and Equip- 
ment of Steam Roads.” These instructions are published in 
pamphlet form by the Government Printing Office, from which 


Other income: 

Cash discounts taken... 

• 

Interest received 

Miscellaneous ^ * 

Total net income . . 
Deductions from income: 

Interest paid 

Miscellaneous :. 
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they may be obtained. In the form now in force they arc 
designated as the ''Issue of 1914.’^ 

The Operating Revenue accounts arc classified under four 
general accounts, namely: 

I. Transportation — ^rail line. 

II. Transportation — water line. 

III. Incidental. 

IV. Joint facility. 

I'^nder the first are 16 primary accounts, numbered serially 
from 101. They are: freight, passenger, excess baggage, 
sleeping car, parlor and chair car, mail, express, other passenger- 
train, milk, switching, special service train, other freight -train, 
water transfers-freight, water transfers-passenger, water trans- 
fers-vehiclcs and live stock, water Iransfers-others. 

Under the second are 8 primary accounts, numbered serially 
from 121. They are: freight, passenger, excess baggage, oth(‘r 
passenger service, mail, express, spc'cial service, other. 

Under the third are 13 primary accounts, numbered serially 
from 131. They are: dining and buffet, hotel and restaurant, 
station, train and boat facilities, parcel room, storage-freight., 
storage-baggage, demurrages telegraph and telephone, grain 
tdevator, stockyard, power, rents of buildings and other property, 
miscellaneous. 

The fourth includes as a credit item the carrier’s proportion of 
revenue collected by others in the operation of joint tracks, 
yards, ^terminals, and other facilities, and, as a debit item, that 
portion of the corresy)()nding revenues collected by the carrier 
but which is creditable* to other companies. 

Operating Expense is classified under c*ight general accounts, 
namely: 

I. Maintenance of way and structures. 

II. Maintenance of equipment. 

III. Traffic. 

IV. Transportation — rail line. 

V. Transportation — water line. 

VI. Miscellaneous operations. 

VII. General. 

VIII. Transportation for investment. 
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Under the first are 79 primary accounts numbered serially 
from 201.* The complete list will not be repeated, but it includes 
superintendence, which covers pay of all officials in that depart- 
ment from the vice president down to the last clerk and porter 
having to do with way 'and structures; the roadway, bridges, 
ties, rails, ballast, water stations, all buildings for whatever 
purposes, elevators, wharves and docks, power transmission and 
distributing systems, and all service rendered in the care of the 
property. Each type of property has two accounts — one on the 
property itself and one for deprecia1.ion on the same. 

Under the second arc 37 primary accounts numbered serially 
from 37il. . They include superintendence in the motive power 
department as does i he list under the first general account ; loco- 
motives and all kinds of cars in sejjaratc accounts; shop machin- 
ery, power plant inaehin(*ry, work equipment of all kinds; and 
various expenditures having to do with equipment and its use, 
such as insurance and miscellaneous expense. Each item of 
rolling stock has three accounts -oiu* the eciuiprnent itself, one 
depreciation on the same, and one retirements to cover actual 
withdrawal from service. 

Under the third come 9 primary accounts numbered serially 
from 351 . They are superintendence, outside agencies, advertis- 
ing, traffic associations, fast freight lines, industrial and immigra- 
tion bureaus, insurance, stationery and printing, and “other 
(xpenses.” This general account corresponds to the sales 
d<'partm('nt account in a manufacturing plant. 

Under the fourth come 50 primary accounts mimbered serially 
from 371. They include all operating exi)en.se accounts involved 
in the actual moving of trains, such as superintendence, pay of 
train crews, disjiatchers, yard men, signal operation, fuel and 
supplies of all kinds, insiiranee, and damage claims. It cor- 
responds t<o the operating department of a manufacturing plant. 

The fifth includes 3 imniary accounts; operation of ves- 
sels, operation of terminals, and incidental —numbered 431, 432, 
and 433. 

The sixth includes G accounts: dining and buffet service, 
hotels and restaurants, gi-ain elevators, stockyards, producing 
power sold, other miscellaneous expenses —numbered 441 to 446. 

The seventh includes 12 primary accounts: salaries and ex- 
penses of general officers, same for Clerks, general office supplies, 
law expense, insurance', relie'f department expenses, pensions. 
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stationery and printing, valuation e^^epenses, “other expenses, 
general joint facilities, Dr. and Cr. — numbered from 451 to 
462. 

The eighth is an account covering expense to the road of 
transporting, on transportation trains, men and material for 
construction work. C^redits on this account arc concurrently 
charged to property investment accounts. 

Expenditures for Investment in Hoad and Equipment are 
classified under thrc'e general accounts, namely: 

I. Road. 

II. Equipment.. 

III. General expenditures. 

Under the first are 47 primary accounts, numbered from 1 to 47. 
They cover all classes of new construction on the same itc^rns of 
property included under Maintenance of Way and Structures as 
mentioned under Operating Expense. 

Under the second are 8 primary accounts, numbered from 51 
to 58. They cover steam locomotives, other locomotives, 
freight cars, passenger cars, motor equipment of cars, floating 
equipment, work equipment, and miscellaneous equipment. 

Under the third are 7 primary accounts, numbered from 71 to 
77. Thej" are: organization expenses, gen(*ral officers and clerks, 
law, stationery and j)rinting, taxes, interest during construction, 
and “other general expenses. “ 

It is understood that these exi)enditures represent additional 
investment in the transportation facilities of the road. The 
amount is to be added to the total valuation of f)roperty as that 
property existed at the time when the accounting s^^stem was 
put into effect, wdiich was July 1, 1914. 

ELECTRIC UTILITIES ACCOUNTS 

The need of uniformit}" in the accounting practice of electric 
utilities has led to the formulation of a system of classification of 
accounts, the general features of which are quite generally 
observed. The Wisconsin State Utilities (V>mmission detailed 
the plan in 1908. With some modifications in details it is sub- 
stantially the same as the system adopted later by the National 
Electric Light Association.^ 

* For a complete description of fhe system see Edwakds' “Electric Light 
Accounts,’* McGraw-Hill Book Co. Also the Report of the Wisconsin 
Commission. 
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The prescribed form of r(!p(Jrt under the Wisconsin regulation 
shows the main elements of the classification, and it is reproduced 
in full below. 


Incomp: Account •Kohm foh Repout, All ('lasses 


Operating Revenues 

('ommercial lighting earnings Sxxxxxxxx 

Municipal contract lighting earnings xxxxxxxx 

Commercial power earnings ... . xxxxxxxx 

Municipal power earnings xxxxxxxx 

•Sales of electric current ‘to other public utihti(\s. . . xxxxxxxx 
Miscellaneous earnings from oi)eration . . xxxxxxxx 


Total operating earnings 

Operating Expenses 
Power ... .... 

Transmission and transformalion . . . . 

•Storage 

Distribution 

('onsumption 

Commercial 

General 

Undistributed 


Sxxxxxxxx 


Sxxxxxxxx 


xxxxxxxx 


xxxxxxxx 


Total of above items . Sxxxxxxxx 

Depreciation . . Sxxxxxxxx 

(Contingencies (extraordinary) xxxxxxxx 

Taxes xxxxxxxx 


Total ojKTating expenses S xxxxxxxx 


Net operating reviuiue or deficit Sxxxxxxxx 

Non-oj)erating revenues Sxxxxxxxx 


Gross income or deficit Sxxxxxxxx 

DiHluctions from gross income 
Interest on funded debt . . 

Interest on real estate mortages 
Interest on floating debt . . , 

Contractual sinking fund rcquiremcnt4s 
Amortizat ion re.serve rf*quirements . . 

Miscellaneous deductions 


'lotal deductions Sxxxxxxxx 


Sxxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 


Net income or deficit 


. . . . Sxxxxxxxx 
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Income Account Form for Report, All Classes {Continv/ad) 


Disposition of Net Income . 

Preferred stock dividends $xxxxxxxx 

Common stock dividends xxxxxxxx 

Appropriations to Municipal Funds . . . • . . xxxxxxxx 

Other payments from net income • xxxxxxxx 

Total Sxxxxxxxx 

Surplus or deficit for the year $xxxxxxxx 


It should be noted that the item “Non-operating Revenues” 
comes from the primary accounts of Merchandise Sales, Wiring 
and Installation Work, Rents from all properties, Interest on 
Deposits, Interest from Investments, Appropriations fro m*Munici- 
pal Funds (municipal plants only), and Miscellaneous. Each of 
the other general accounts included in the report is dividend simi- 
larly into various primary accounts, somewhat as in the case of 
the railroad accounts. 

A standardized Ifonn of balance she'd has also been adopted, 
although not in so fixed a manne'r. Practice under the National 
Electric Light Association plan differs in titles of items from the 
Wisconsin forms in several respects. The following is a typical 
example, summarized in part: 


Ahheth 


Property and Plant 

Cost begiiiuiiig of year . 
Changes during year, new con- 
struction 

Cost close of year 
Treasury Securities 
Treasury Stock 
Treasury Bonds 
Investments 

Stocks and Bonds of other 
companies 
Other investmenth 
Reserves 

Renew'al reserve fund 
Sinking, Amortization, and 
special . . 

Current Assets 
Cash .... 

Notes and Bills Receivable 
Accounts Receivable 
Materials and Supplie> 

Sundry current assets 
Prepaid Accounts 
Prepaid insurance, taxes, and 
interest .... 

Sundry accounts 
Open or Suspense Accounts 


Sxxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 


xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 


xxxxxxxx 

xxxxxxxx 


klABlLITIKS 

Capital Liabilities 

Capital Siock, prefern^d 
Capital Stock, eoinnion 
I’mided Debt 

Mortgage Liabilities 
Real Kstate Mortgages 
Other Mortgages 

Current Liabilities 

Notes and Bills I'ayable 
Accounts Payable 
Interest matured 
Dividends unpaid 
Deposits 

Sundry current aceount*^ 

Aerru(‘d Liabilities 
Interest unniatured 
Insurance and Taxes accrued 
Dividends accrued 


^xxxxxxxx 

xxxxxxxx 

xxxxxxxx 


xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 


xxxxxxxx 

xxxxxxxx 

xxxxxxxx 


Reserve Liabilities 

Depreciation xxxxxxxx 

Sinking, Amortization, and 

special xxxxxxxx 

Open Accounts 

Surplus xxxxxxxx 


Total 


fxxxxxxxx 


Total . . . 


. Sxxxxxxxx 
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THE CAPITAL ACCOUNT 

The treatment of the question of costs can not be considered as 
(fomplcte without a discussion of capital charges in manufactur- 
ing enterprises. It is an element of commanding significance for 
the railroads and other pubhc*service corporations, but custom 
has, in the past, eliminated it from cost analyses in the practice 
followed by privately owned and controlled industries. 

In the commonly accepted philosophy of costs, the “total cost” 
of product is the grand .total of all expenditures of the company in 
the conduct of its business, including a depreciation allowance 
made ffir the safeguarding of capital assets, but with the significant 
omission of returns on investment. Out of what is termed 
“profit” must be paid both interest on funded indebtedness and 
dividends on stock. Interest on notes payable and on temporary 
bank loans have been included in the general expense item, but 
the permanent investment has been disregarded. It has been 
accepted as a policy by those having to do with the control of 
investments that whatever was left from income after the 
l)ayment of all other obligations was available for the payment of 
dividends or for further investment according as the directors 
should decide. From the legal standpoint that is a correct 
interpretation. 

But from the standpoint of the administration of producing 
enterprises it is not sound philosophy or a wise polic.y. Capital 
is one of the production factors and is entitled to a wage, just as 
labor is entitled t.o a wage. The wage paid to capital is just as 
truly an element of cost as is that, paid to labor. Until the»pay- 
ment has been made, as interest on bonds and dividends to 
stock, there can be no true determination of “profit and loss.” 

The ])revailing practice is unwise as to policy because it 
carries into the accounts an clement of uncertainty, w’hich is 
likely to result in suspicion. It tends to cloud the issue and make 
more difficult the establishment of cooperative relations between 
management and wage earners. It stands, therefore, in the 
way of efficient production. True cooperative measures arc 
impossible so long as there is any lack of frankness and open 
dealing on the part of cither party to the arrangement. The 
time has come in this country when labor is expecting a fuller 
recognition of its i)lace in the industrial program. Whether or' 
not it will demand a larger part of the returns from industry 
depends upon the <*xtent of its information as to what it is 
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contributing to production. It is important that that informa- 
tion be accurate and complete, which it cannot be unless there 
is an accounting of returns to bona fide investments. 

It is fully recognized that an advocate of this change in practice 
has many weighty objections to meet. In the absence of fran- 
chise or monopolistic rights accorded to public service corpora- 
tions, the company must take its chances in a competitive market 
and operate on a variable income. Those who invest assume a 
risk and should be entitled to returns which are commensurate. 
Any established scale of dividend payment entering into a costing 
plan of the kind suggested must be high enough to cover i ke risk in 
a reasonably adequate manner. After all, it is not so much a 
question of the exact amount paid as it is of accuracy in the final 
determination of profit. 

There is involved, also, the practice of witholding dividends 
and reinvesting the surplus, which has been the means of building 
up many great industries. This, however, would not be affected 
by a plan of including dividends in cost of product. The divi- 
dend would not necessarily be paid in cash. If reinvested, every 
one would then know how much of the added capital assets 
came from dividends ndained in the busimiss and how much 
from true profits. Some stockholders might not want that to 
be known when the time came for declaring stock dividtmds to 
cover enhanced value of the physical property, but it would 
be in the interests of accuracy, and accuracy in accounting is a 
primary requisite in the conduct of modern business. 



EXERCISES FOR PART II 


1. A group of men has under way plans for organizing a corporation to 
engage in a manufacturing enterprise. The company activities are likely 
to extend into several states, and it may need to engage in transportation 
activities incident to the development of its properties, as also to mine coal 
or produce oil on its land holdings. Its head office is to be in one of the 
central atates. 

As chairman of the organizing committee, prepare a draft of the statement 
of objects of the corporation, to be submitted to the state corporation com- 
missioner in application for a charter, and make written recommendations 
as to the state in which you propose to incorporate, giving reasons for your 
choice. 

Assume the capital stock authorized to be not less than $500,000. 

Make recommendations, also, on such matters as time and place of stock- 
holders^ meetings, regular meetings of directors, and other major points 
covered in the by-laws of the corporation. 

2. Write a brief article (300 to 500 words) on the rights and liabilities of 
stockholders. 

3. Write a brief article (not over 300 words) on the liability of partners in a 
general partnership. 

4. Prepare a complete contract for some form of construction job. 
Specifications need not be written, but w'ill be referred to as if in existence 
and so “included by reference*' in the contract. Instructions to bidders, 
the advertisement, and form of proposal will be prepared on the assumption 
that the job is to be let on competitive bidding. Approved jobs are: 
construction of a section of highway, a block of paving, a line of sewer, a 
water purification plant, a bridge, a building, or an electric power*trans- 
mission line; the building of a specified number of machines or any article 
according to design and specifications already prepared; laying of a pipe 
line of si)ecificd size, for which plans have been drawn; sinking of a mine shaft 
With s]jecified method of timbering. 

5. Draw a complete organization chart for a company engaged in one of 
the following activities: a metal working plant which shall include either a 
foundry or drop-forging department, machine shop, assembly department, 
planning department, and the usual auxiliary departments; a steel mill, 
including blast furnace and rolling mill branches; a cement mill; a structural 
steel plant including an erecting department and a fabricating shop; the 
motive power department of a railroad; the operating department of a 
railroad, with a. well-developed plan of divisional organization; an oil 
refinery; a metal mining company with ore treating and smelting depart- 
ments; or a large steam-electric power station. 

6. Make a complete analysis of the following balance sheet of a manu- 
facturing company, according to the methods developed in Chapter VIII. 
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Ahsets 


Liabilities 


Plant: Land 

. $ 24,000 

Capital stock, common 

.. * 400,000 

Buildiuiss 

188,662* 

Capital stock, preferred 

310,000 

Bquipinunt 

336,864 

Bonds . . 

400,000 

Haw material on hand 

207.076 

Accounts and bills payable . 

242,915 

Stock, finished and process 

320.989 

Notes at bank. 

20,000 

Bills and accounts receivable 

295,405 

^ond interest due. 

2,4.35 

Cash on hand. 

86,425 

Depreciation reserve 

48 , 000 

Sundry investments 

9,095 

Other reserves 

77,773 

Patents 

92 . 000 

Surplus 

50,383 

Total 

Total sales for the > eai 

. *1.560,506 
. *1,710,600 

Total 

. * I,. 560, 506 


7. Time, machine, and job order records in a mamifactiiring plant show 
the following facts: John Smith, a machinist, during the week of ^March 6 
to 12, on Monday produced 10% over standard; Tuesday, 15% below on 
account of tool trouble; Wednesday, 25% below through lack of material; 
Tliursday, 40% low because of half holiday; l*'riday, 20% over standard; 
iSaturdaj^ made exactly standard record. 

An automatic screw machine during same week, on Monday ran full 
time; Tuesday lost 1 hr. waiting for set-up man and the operator was absent, 
half day; Wednesday ran full time; Thursday half time account of holiday; 
Friday lost 3 hr. account of no orders; Saturday shut down after two hours 
for repairs. Shop runs 8 hr. per daj", 5 hr. on Saturday. 

An order for 200 change speed gears was given the following schedule. 
Issue of st/ock Monday January 15, first operation to begin January 10; 
second operation January 23; third operation, February 8; fourth operation, 
February 19; fifth operation, March 1; finish, March 0. It was held up on 
the third operation for 3 days on account of the gear-cutting machine develop- 
ing trouble. The workman on the fourth operation was absent 2 days, but 
made up 1 day on the schedule, making the job 4 days behind on reaching 
the fifth operation. The job is checked up on March 3. 

Prepare Gantt charts for the three forms of record. Draw' up the charts 
on standard size paper 8H by 11 in. with regular ruling — Man Record and 
Machine Record for two-week period and Progress of Order Chart for three 
months — although the data given will fill only one line on each for a portion 
of the time. 

8. Production records in a ccincrit mill arc as follows : 


1021 1922 

Output ik Babbels peb Month Bbt^. Bbz.. 

January 108,000 96,500 

February (Down for repairs 10 days in 1921) 48,600 87,000 

March (Bad material, 1922) 94,800 72,300 

April 102,000 104,000 

May (Kiln trouble 1921; 94,700 106,100 

June . 104,000 97,900 

July (Down for repairs 14 days in 1922) 103,000 52,600 

August 107,600 106,800 

September 100,400 104,700 

October * 106,200 99,300 

November (Breakdown in quarry 1922) 98,800 82,100 

December 107 , 400 105 , 900 
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Prepare a ^-chart for 1922 o|jeration. Standard output 4,000 bbls. per 
(lay. 

9. A concern employing about 600 men is having trouble holding the 
workers. An investigator delegated to look into the matter finds a labor 
turnover of 160% annually, irmst of w^hich is among the semi-skilled workers, 
in wliich group the average cost of freaking in a man is $45. The normal 
output per employee should be $4,500 annually, but it is found to actually 
be 15 % below that figure. The scale of wages paid is fully up to the 
standard for the locality. Indusiries in the community employ a total of 
some 10,000 men of similar qualifications, but there is no apparent shortage 
of labor as a whole. The spirit of the men in the plant is friendly enough, 
but there seems to be no incentive to good performance. The investigator 
reports ^hat foremen arc working hard but do not have definite ideas of 
standard outjiut; neither do they have time to study methods. 

Prepare a report showing a plan of j)rocedurc to improve conditions. 
First, make an estimafcM)f the saving that would be elTected if the labor turn- 
over could be cut to 25% and output increased 10% over present 
performance. Based o!i this saving, what would you recommend U) the 
management as an amount which might properly be spent annually in- 
stituting !)ettcr practices? Befer to any type of industry desired, such as a 
structural steel plant with erecting gangs, machirie manufacturing jdant, 
textile mill, oil refinery, railro.ad repair shoi)s or any other department of a 
railroad. ( Hcmcmber tliat in increasing output the saving made is measured 
by profit on the output, not by the increased output itself.) 

10. Cost data aiqilying to the 200 change speed gears being made on the 
schedule specified in the third section of exercise 7 are as follows: 

Material : 

200 ca.st-stecl gear blanks, ])urchased, 3 lbs, each at 15 cts., $90. 

Direct labor: 

In .lanuary, 106 hrs.; February, 164 hrs. ; March, 72 hrs.; hourly rate, 
62 cts. fier hour for all excepting 130 hrs. in February when the job 
was on the gear-cutting machines, for which the rate was 68 cts 
(Calculate the average rate for February.) t 

Service t,o be allocated on semi-direct basis will be determined from the 
several charge accounts, for which the monthly summary sheets will be 
prepared. 4'hese accounts give the following facts: 


Hem 


Tolul of aopouiit 


To I’JiarKC' on this 
order 


To fiietory expense 


i'Vb. 


Mar. ! Jan. I'eb. j Mar . Jan, 


Feb. I Mar. 


Si:pt 

. SiViO 

00 il|.L».'>0 

00 

» 2 no.oo 

$6 

20 

*2 

50, 

S7 

.no $85 

50 $96 

00 $122.25 

I'’orernan . . . 

17.0 

00 

17.'i 

00 

i7n 00 

y 

00, 

0 

50 

8 

00 

15 

00 

12 

50 

18.00 

rianning l)oj>t 

1’ 100 

00 

400 

00 

4(H). 00 

IS 

00 

2 

00 

G 

00 

•>r, 

00 

40 

00 

30.00 

] nspect or . . . 

: ITiO 

00 1 

1 no 

00 

i.no (K)i 

1> 

00 

4 

00 

G 

00 

15 

00 

12 

00 i 

14.00 

Move, niut'] . . . 

. : 00 

00 ; 

yo 

00 

1 100.00! 

1 

.fiO 

1 

.OOi 

1 

50 




1 

1 


Tune keeiici 

. . ' 100 

00 1 

100 

00 

100 . ooj 


.50 

2 

.no! 


.50 


' 


1 
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Prepare the three monthly Summary sheets according to the outline given 
at page 295. Assume two other foremen, not concerned in this job but each 
with the same charges going to factory expense. Also tool room and repair 
gang carrying a total of $100 per month to the factory exjiense account. 

Factory Expense. — The charge accounts in -this group show the following 


totals for the shop as a whole, annuall>’fl: 

Power, heat, and light. . . . . $8,000 

Plant service, general. 1,800 

Building repair. .... 500 

lOquipment rej)air ... SOO 

Materials handling, general. 1 ,000 

Indirect labor, miscellaneous 5,000 

Insurance, total .... ... 7fi0 

Taxes, total 2,000 

Depreciation, total... . ... 4,000 

Miscellaneous expense, . . . . . . ] .500 


In distributing factory expense, either of two methods is possible. The 
total of the general annual accounts may be reduced to the amount per 
month and the expense distributed for each month separately, or the 
monthly amounts from the semi-direct accounts may be averaged and 
reduced to the annual total and the total factory expense distributed on the 
annual basis. The first is more accurate, especially for a job-order establish- 
ment where conditions are liable to change, but it involves more work. 
Judgment must determine procedure. 

Factory expense will be distributed on the basis of labor hours. Hie total 
of direct labor hours for the plant is 244,500 for the year ending Febniary 
28. This job has 342 hours. 

Sales and General Expense. 

The primary cliargc accounts show the following annual expenditures: 


Sales office, salaries and supplies 

$ 8,900 

^Salesman. . 

3,000 

Advertising. . . 

1,000 

Freight and express ... 

1,500 

General officers, salaries 

.. 15,000 

Other office expense .... 

6,000 

Design, drafting, and development 

8,200 

Legal expense. 

3,000 

Transportation, total. 

6,500 

Postage, telephone and telegraph 

900 

General office buildings, including insurance 

800 

Police and watch service. . . 

2,400 

Patents 

2,000 

Miscellaneous general expense 

3,000 


General and sales expense will be distributed on the basis of factory cost. 
The total factory co.st on plant output for the past year has been $550,000. 

A job order cost card is now to be drawn up and all entries made for 
this order. Use the first form of card shown on page 297. 



APP1?NDIX A 
CONTRACTS 

Note, — It is not ])roposed to make of this a complete treatment of 
the subject of contracts. The object is merely to set forth certain 
of tl)f more obvious principles with which every man cnRaged in 
industrial matters should be familiar. This should be supplemented 
by a more extended readiriR of the standard works on the subject. 
Two such books which are especially adapted to eiiKineerinp practices 
are Tucker's “(V)ntract in Kngineering'' (McGraw-Hill Book Company), 
and Mead’s *‘(\)ntracts and Specifications” (McGraw-Hill Book 
(bmpany). • 

An engineer should be familiar with the basic principles of the common 
law touching contracts and contractual obligations. Beyond these are 
nmny statutory regulations, and, even more important, a great mass of 
court decisions which have established the basis for the construction of 
contracts, through the avenues of custom and practice. In these latter 
realms the man whose study and experience have been limited to such brief 
outlines is bound to flounder and run into almost, sure danger unless he 
avails himself of the services of a lawyer in any vital matter where legal 
processes are involved. It may be said that the most to be gained in this 
discussion is a realization of the importance of seciiring competent legal 
advice. From the actual knowledge of contracts that may be gained here, 
however, the engineer should be enabled to prepare specifications and the 
general provisions of engineering contracts in a manner that will make them 
harmonize wdth legal principles. If he can do this, he will have accon%jli.shed 
much. In general, the engineer’s work is creative rather than interpretative 
and he should approach the subject with that fact in mind. 


CONTRACTS DEFINED 


The definition of a cont/act is important. Several arc given for the 
I)urpo8e of bringing out the various points. 

A contract is an agreement between competent parties, enforceable at 
law, whereby each acquires a right to what is promised by the other. — Tucker. 

A contract is an agreement in which a party undertakes to do or not to do a 
particular thing. — Chief Justice Marshall. 

The term '"agreement” is very frequently used in place of "contract” 
in engineering engagements, and Mead, in his book on "Contracts and 
Specifications,” makes the following statements: 
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An agreement is the expression of tivo 'or more persons of a mutual 
intention to affect the legal rclatio,ns of those persons. The term is 
broader than the term contract and may include: 

1. An agreement resulting in a contract. This is an agreement 
which directly contemplates the creation o£ obligations. 

2. An agreement immediately coiicVided which (‘mates no obligation. 
]'’or ('xamj)le, conveyances of land without covenants; gifts; sales and 
d(*li\ery of (diattels for cash without warranty, etc. These are somc^- 
times called executed eontracis. 

An agreement concluded, with incidental or remote obligation. 
Tor example, marriage, a settlement of property in trust, etc. 

An executory contract is a legal obligation created by agreement and 
enforceable by an action at law; it is one in which at least one p,f the 
})arties has something yet to do. 

A bilateral contract is an executory (contract consisting of an cx])ress 
promise of one legal right given in exchange for a (‘(ninter promise of 
another legal right. 

An express contract is a bilateral contract either oral or written, all of 
whose terms are accjeptcnl. 

An unilateral contract is a half executed, half executory contract, (Con- 
sisting of an express or inferred pnunise of one legal right for anoth(*r 
legal right. 

An inferred (or implied) contract is an unilateral contract w here either 
the act of accceptance, or both the act of acceptance and the promis(‘ 
offered are inferred. 

A quasi-contract is a legal obligation cncated by i)ure implication 
of law. It is not a contract l)ut may be enforced by legal action. 
(Example: recovery of value of services after same have been reejuested 
without cxjincss terms.) 

A void agreement is one wliich creates no obligation. 

A voidable contract is one wdiose obligation is not binding upon 
one party to the agneement, at his election. 

The •lyi)e of contract w ith which the engin(‘er lias most to do may be 
styled the cxprfss (xecutory eotdraei. It is to it that the dc^finitions of 
Tucker and Chief Justice Marshall apply, as first given. It may be of 
cither of two kind.s: 

1. Contract under seal, or specialties. 

2. Contract not under seal, or parole contract. Tnder the common law’, 
the following contracts mu.st be under seal: 

n. Gratuitous promises. 

h. Contracts with such corporations as liave that jirovision in their 
charters. 

c. Deeds and mortgages. 

d. Bonds. 

In many stat(is, however, statutes have changed tliis requirement, so 
that one must not be guidc^d entirely by these statements. 

A parole (or parol) contract is one not under seal. The term “jiarol’' 
is used in certain (Minnections to distinguish an oral from a written statement. 
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In contracts, however, tlie term is^ised as staled. Tlic vital point at issue 
is that evAi in a written contract, if not under .seal, consideration must bo 
proved. The seal in its ori);inal sense evidenced consideration and further 
proof is not necessary. 


CONTRACl' ESSENTIALS 

There are four essential elements in every contract ttuit fulfils the defini- 
tions that are ac.cei)tcd as beinp accurate. The provision that a IcRal con- 
tract must be one enforceable al law has made it necessary to ])rescribe certain 
conditions that must be met. In this, court practice has determined ttie 
forms, and in the interests of justice th<‘re must be established bases on which 
may be.tested the various agreements that ]»eopl(‘ enter into in order to 
establish th(* fads as to the true* intent of t,he jiarties, as \v(‘ll as to prevent 
the ignorant and the unwary from beinj*; impfiscal upon. '^Fhese C'lements 
are common sense provisions, natural to c‘very normal honest jicrson in his 
dealings with others. 'Fhey arc: 

1. The parties must be competent to cemtract. 

2. The subject matter of the contract, must b(‘ laviful. 

li. "I'hcre must be a valuable consideration; ?.r., each jiartv must ^ive or 
promise something that he has the jirivih'^e of keei»inj? or not doinji;. 

A. There must be mutual assent c»r at^reement on the subjc'ct bemjj; con- 
tracted on; a true meetinp; of the minds on the exact ])oint at issue. 

For certain kinds of contracts another is napiired: 

o. 'J'he contract must be in writinp;. 

Competent Parties. — This is a matter of definition and fixed status's. 
In p;eneral, anyone may enter into af^reeimmts oi contracts, but in the legal 
s<*nse exceptions are made in the ca.ses of iierson^ under twenty-one years 
ol age, married in omen in certain kinds of contracts, lunatics, and drunken 
])ersons. 'Idie disability of marrie<l women has been nunoved m many states 
under more recent enactments. 

In dealing with persons coming in this list, it is to lx* nanembered that 
.igreeiiHMits made are in many cases voidable, es])ecially by infants* This 
makes it incumbent. ui)on one having to deal with them to investigate 
carefully into the (*xacl status of the jiersons in (piestion under the laws of 
the particular state where the contracf is to be made. As regards dealing 
with lunatics or drunken jiersoiis, it is to be observed that the main issue is as 
to the; ability of such jiarties really to come to a genuine agreenuud. It is 
likely that the sujijiosed contnict is void becau.se of failurt' to coni])ly with the 
fourth condition or essential, that of mutual agreeimait. 

In the preparation ol the usual form of contract, the exjiressed executory 
type, it is universal practice to start with an exact definition or description 
of tlie Jiarties, thus obviating all difficulties in identifying the status of 
ea.ch. With this matter jiresented clearly at tin' outset, there is slight 
excuse for anyone who finds himself in tremble in this resjiect after having 
neglected to investigate with ordinary care and caution into the legal status 
of the other party with reference to his |>er»onal competency, or authority to 
act in ease he is aeting as agent for another. A imudi used opening clause 
run.s as followxs: 
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This agreement made and concluded this day of 

, A. D., 19 , by and 'between 

(owner, corporation, agent 

designated by name), of tlie City of 

County of , iStjitc of , 

jiarty of the first part, and (name 

as before), of the C'ity of , County of 

, State of party of 

the second part. 

Beyond this introductory statement it is always wise to make a further 
stipulation as to the interpretation of terms that may be used in the body 
of the contract referring to the parties, and also with n^spect. to the recog- 
nition of agents duly authorized to act for either party. The following 
clauses are typical: 

Whenever the word oavtcr, or the exprcssifin "Party of the First 
Part** or First Party” are used in this contract, it shall be understood 
as referring to (name and describe the j>arty). 

Wlienever the w^ord ” Contractor” or the expression "Party of the 
Second Part” or “Second Party’’ are used, it shall be understood to 
mean the person, persons, corporation, or co-partnershi]) who has agreed 
to ])erform this contract or to his or their legal n^presentatives. 

Whenever the word “Engineer” is used in this contract, it- shall be 
understood as referring to the engineer of the I’arty of the First Part, 
or such other engineer, superintendent, or inspector as may be author- 
ized by said first party to act in any particular. 

A contractor who lias bound himself to perform work of designated 
character is entitled to official notification as to the identity of any super- 
intendent or inspector, as referred to above. Fiitil such notice has been 
given him, in wliich he may justly insist upon a written statement if the 
contract is written, he will be justified in disregarding instructions from 
anyonij appearing on the job and presuming to act for the owner. This 
statement is made with reference to the point that the contractor has spi‘cific 
rights and that attempts to bind him txio closely b^^ stipulations may take 
away from him his status as an independent contractor and make him an 
agent for whose acts the owner himself cannot escape responsibility. More on 
this point will appear later. 

Lawful Subject Matter. — The most common grounds of illegality in 
contracts in w'hich engineers are likely to be concerned are fTiicker): 

1. That the proposed contract violates some state or federal statute. 

2. That it is contrary tn the rules of common law. 

.'1. That it is contrary to public policy. 

For a full discussion of these points the reader is referred to Tucker’s 
“Contracts.” It is to be ob.served that ignorance of the law excuses no 
one, and constant watchfulness is necessary. Under the law, parties enter 
into contracts “at arms length,” each supposed to look after his own 
interests. Especially, the “Lien and Labor” laws of any state or community 
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must be understood by those cntcrftig into construction contracts. Sunday 
laws sometimes bring trouble to the unwary. 

The Statute of Frauds is the most fmportant of the express laws that are 
of general application, and care must be observed to comply. There arc 
many provisions coming undpr this heading, but the three following are of 
most immediate interest: ^ 

1. Contracts involving title to land must be in writing. 

2. When the acts contemplated are not to be begun within a year, the 
contract must be in writing. 

3. Contracts for sale of “goods, wares, and merchandise” in amounts of 
some stipulated sum, varying from $30 to $500 in different states, must be 
in writii»g. Tliis last provision has exceptions, but the point in it all is that 
anyone must inform himself as to the law on the matters involved. 

As to contracts op])osed to c^ommon law, attention is called to the follow- 
ing matters which may fall under this provision. 

Contracts based upo.n fraud are illegal and unenforceable. 

CUianges or alterations in a contract where one party is secured by 
sur(‘ties or bondsmen, without the knowledge and consent of the surety, are 
illegal. In order words, an agreement appearing to b^ind a third party can- 
not be enforced on that party. 

As to contracts oi)posed to public, policy, no iron-bound rules may be laid 
down. The courts must rule as to this, and a contractor must be guided 
by his own sense of right as a j)ublic citizen. Colhision in bidding is a 
frequent temptntion and must be avoided. 

Consideration. —As before, extended reading beyond the range of this 
discussion is necessary to secure an adequate understanding. It may be an 
act, a forbearance, a ])romise, anything constituting a legal detriment. It 
must have value, although the court will not inquire into the adequacy 
unless fraud is charged. Kven then, the legality will probably rest on the 
other requirement of lawful matter. The abandonment of a legal right 
against the other party or a third jiarty may constitute consideration. 
Giatuitous promises have been defined already. 

Some of the most difficult propositions, or situations to be unraveled in the 
construction business, are met when conditions arise, subsequent to the 
making of the contract, that render one party unable to perform or com- 
plete his promise. A remedy often attempted is for the contractor to throw 
up th(‘ .j(»b and then offer to complete it for some stated addition to the con- 
tract price originally agreed upon. For such a proposition, even if agreed to 
by the owner, there is no consideration in law. This suggests the care that 
must be exercised in making alterations or additions to any contract. 

In case of act\ially impossible consideration, and the fact is known to both 
I)arties or to the promisee alone, the contract is void. If the promiscr alone 
knows it, he is bound and must pay damages. The main difliculty comes 
when performance is imjiossible, or impossible without financial ruin, 
because of unforeseen contingencies. Here the promiser is bound under the 
law and must comply or pay damages, how'ever severe it may seem. In 
deciding the question, the court will inquire closely into the conditions 
and terms of the agreement, but if the promise is clear and unconditional, 
the rule must apply. Here is where “rules of construction” of contracts 
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apply, in the effort to determine the true*intent and meaning of the contract- 
ing parties. • 

So great are these difficulties that certain precautionary measures have 
become almost standard. Thus in the case of structures to be built, where 
underground conditions that might affect thCriimount of work in putting in 
foundations arc not fully known, it haSobecomc the practice to specify some 
normal depth for the jmrpose of securing comparative bids, and then to 
provide a scale of unit prices to cover additional work. In machinery sales 
contracts there is always the proviso that dates of delivery are contingent 
upon strikes or other unforeseen delays. In other ways the contract s usually 
include provisions that serve the purpose of indicating clearly a basis for 
adjustment of conditions as they arise and so avoid liardship by making it 
possible to adjudge the case on the basis of equity. 

Mutual Assent. — It is self-evident that there must be an agreement on 
the exact terms. The cases of failure in this respect must be studied closely 
to distinguish between mistakes, misrepresentation, and fraiul. (See 
Tucker, pp. 27-80.) In case mistake is proved, as to nature of transaction, 
as to jierson, or as to subject matter, the contract is void. Misrepresental ion 
in its pure form invali^Iates the contract but does not give cause <»f action for 
damages. Fraud does both. It is necessary to distinguish the several 
elements of fraud, which are as follows: 

1. False representation of a material fact; 

2. Made with a knowledge of its falsity, or in reckless disregard as to 
whether it was true or false; 

3. Made with the intention that it should be acted upon by the jilaintiff; 

4. And, being believed by liiin, the plaintiff was induced to act by it; 

5. And he thereby suffered damage. 

In order to secure full \inderstanding and complete agreement on all 
points, certain procedure is necessary in the letting of construction c,on- 
tracts where competitive bids are being considered, 'i’his a]>plics both to 
construction contracts of the ordinary sort and (uuitracts for the jiurchase 
of equipment, installation, etc. In public works contracts, additional care 
must be taken. In most complete form these precautions include tlie 
following steps, each calling for the ]>reparation ot a written form: 

1. Advertisement, giving information as to the letting. 

2. Instructions to bidders, giving in detail exact information to guide tliose 
who are to bid. 

3. Forms of proposal, prejiared for the jnirjuise (>f bringing all bids onto 
the same basis for comparison. 

For a full discussion of these elements, see Mead's ‘‘('ontracts,’' C^iajiter 
IX. 

3'he importance of exercising the utmost care in all these matters cannot 
be overestimated. The novice is almost sure to overlook some point, or 
fail to stand squarely for exact conformity with instructions. lie wdll learn 
from bitter experience. 

EXAMPLES FOR ANALYSIS 

« 

1. (a) A was paid in advance for high-carbon steel of a specified quality, 
which he was to ship to B as soon as it cfiuld be made. I’lion receiving the 
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metal, B tested it and found it was not up to specification. Therefore, he 
refused tfi accept, and sued for a return of the purchase price. Should he 
recover? (/>) Suppose the metal to have been shipped by sea, by the 
steamship line named by the buyer, but that the vessel was wrecked and 
the cargo lost. In case B §ues for a return of his money, should he win? 
What facts must he establish? ^ 

2. An important witness in a lawsuit is offered SoOO to stay away during 
the trial, and does so by leaving the state. Later he seeks to (uiforce the 
contract against tlie attorney w^ho made liirn the offer, ('an he recover? 
(live reasons. 

3. A contractor agrees to build a wall of reinforced concrete as per jdan, 
furnishing materials, Ijftterhe refuses to furnish steel rods enough, because 
of their high price. I'pon your objection, he finally agre(‘s to finish as per 
(•onlra(d, if you will give him $50 for the last rods, which you say you will do. 
Tpon completion he sues you for the extra $50. Can li(‘ recover? Why? 

4. A writes to B offering to sell him 50 bbl. of tar for waterproofing at 
$2.50 per barrel. On the same day, but in ignorance of this ofTer, B writes 
A saying he is in the market for 50 bbl. of tar and that he is willing to pay 
$2.50 per barrel for it. Witliout further steps, is tluTo a binding conlraet 
between them? Was there an offer and acceptance, ami a genuine meeting 
of minds?” 

5. .4 offers to sell a certain piece of land for $1,000. B makes a counter- 
offer to })urchase for $750, but A declines this. Later B ehanges his mind 
and eoncludes to aeeejit A’s oiler to sell for $1,000 but now this is declined 
by .1. Has B any right against A by which he can make A accept ? 

(). A and B have the boundry line between their lots surveyed and marked, 
'riiey acqui(*sce in the line. I'ive years later A finds tluit by a mistake the 
line was located so that his lot is 5 ft. too narrow. Can he have the line 
changed? 

7. A contract jirovidcd for erecting an apartment house ISO ft. high for 
$50,000. 4’Iie structure was completed, but while $10,000 was still due on 
it, a satute was found forbidding the erection of any building over 150 ft. 
high. 4'hereuj)on the owner refused to p.ay the balance. What jvere the 
contractor’s rights? 

S. You are the* inspector on construction on a building contract with 
power to dec.ide whether or not the contract is being properly carried out. 
The main contract is in w ritten form, in which yon are designated by name as 
the engineer-inspector. At a certain point in the work you specify that a 
partition wall be built through a certain room, the same not being show'n on 
the original constmclinn drawing. The contractor builds the partition 
on your jironiiso that he wdll receive additional jiaymeni on the basis of cost 
of material and labor einjiloyed in the extra work. Is the owner bound by 
the terms of this agreement? What are the principles involved? 

NOTES ON CERTAIN IMPORTANT CONTRACT PROVISIONS 

In the conduct of construction work uyder contracts, engineers frequently 
are obliged to interi)rel clauses pertaining to the extent and character of the 
work called for. In ot her instances, cpiestions relating to tiie purchase or sale 
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of equipment iire involved. With the increasing movement of engineers 
into the field of selling it becomes important that they should give 'attention 
to vital points in sales contracts. The following comments on current 
practices may thus be of significance: 

In all cases where question arises as to the legality of an agreement, the 
tests must be applied carefully to detennjine if any one of the four essentials 
is lacking. In some instances wherein some contract element is lacking, 
one party may have performed in good faith the whole or part of his w^ork, 
following which some fact appears invalidating the contract as a whole. 
The question then arises as to who bears the cost of the work ])erformod. 
If the work is valueless as it stands, the question is complicated, and the 
performer may have to stand for loss. If the work oonqileted has real value, 
then the test question is as to who is the party profiting. If the owner thus 
receives benefit, the contractor may sue for a fair payment on the basis of 
quantum meruit. In effect, this amounts to a recognition by the court of 
the existence of an implied contract, difTering entirely, it may be, from tin* 
intended contract, but still binding. Cities sometimes try to hold a con- 
tractor responsible for results of work, w hen some person has received damage 
because of the carrying out of a project, such as tlie diverting of water from 
its natural channel, if such damage arises from the nature of the under- 
taking, and not from any fault or neglect on th(‘ contract or*s part, tlien the 
latter is safe. The common proviso in contracts to tJic efTe<-l that a con- 
tractor is responsible for tlie observance of city ordinances, building regu- 
lations, etc., docs not go so far as to hold him li/ibh‘ for the results of the 
matured plan on which his work is based. 

The cardinal principle in construing contracts is to d(‘ti‘rmine the 1ni(‘ 
intent of the parties by deciding upon the meaning of the* language lunployiMl 
as the expression of reasonable aims and in the light of establisluMl juactice 
in the branch of activity involved. 

Alterations and Extras.— -K very construction contract ^houI(l carr\' a 
provision that states definitely the method by whicli alteration> may la* 
made. Whatever the method adopted, it should be kejit in mind that m 
essence ^ new condition is being created, and fully as mucli care must be 
exercised as in making a new contract. Wait urges that when material 
alterations are contemplated they .should be plainly treated in a suj)plemental 
contract. Extras are of equal import. Wait again says, “Extras are the 
contractor’s aim and the owner’s fear.” It frequently is stated in contracts 
that no claim for extras will }»e allowed unless they have been authorized 
and directed in writing by tlie engineer. In effect, tliat constitutes authority 
for the engineer to act as an agent for the owner in the matter, and is 
reasonably safe. It should go further, liowever, and sp(‘cify clearly th(^ 
representative of tlie contractor who may legally receive and act upon such 
matters. There is an insidious tendency at the time of letting a contract to 
avoid making iron-clad provisions that sensitive p(!rsons might construe as 
suggesting improper motives or suspicions of such motives on the part of one 
party. This is entirely an error. Parties contract on a free and equal basis, 
and each must look out for his own interests. A full statement is in the 
interest of clearness, necessary for a genuine agreement or meeting of the 
minds on the exact terms. 
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Pa]nnents. — In machinery sales contracts a somewhat similar case occurs 
in arran^hiK times and distribution of payments, especially when there is 
involved the service of the manufacturer's men in erecting. For long 
shipments with uncertain freight service, basing the first payment on receipt 
of bill of lading, in effect ^hrows the responsibility of dealing with the 
transportation company in case (jf delay or damjigc onhj the shoulders 
of the purchaser. Even more surely is this done by the stating of tlie 
amount of the price in the common terms of *‘f. o. b. mfr’s works with freight 

allowance to ” Both of these provisions may be so 

definitely the policy of the manufacturer that acquiescence is necessary, 
but it must be understood by the purchaser that any variation must be 
stated in explicit, terms. • The writer has been able to secure variation at 
times, in dealing with sales representatives, usually by showing the state of 
the pufdic mind on municipal deals should it happen that the first payment, 
“80 days after date of l)ill of lading,” might have to be made before the 
actual arrival of the goods and in the face of possible loss or damage by 
the railroads. The point is, make the best terms one can at the time when 
he is on equal terms with the other party, which is when the contract is 
l)eing let, and not after something has happened. It is to be borne in mind, 
however, that in extensive equipment manufacturing contracts it may be 
the part of wisdom and economy on the part of the purchaser even to go to 
the extent of making payment in some part before the construction w'ork is 
completed and with the partially fabricated material in the plant of the 
manufacturer. On the other hand, if on the selling side, one w'ants to make 
sure in the case of long-diderred final payment, remembering that title does 
not i)ass until afti^r that payment, that depreciation of the machine during 
ofieration may not exceed the amount of the early payments. Otherwise, 
if it liecomes n(*c<*ssary fo take possession on default of payment, one will 
have on his hands a machine of low value. 


Agency 

Kefenmce has tieen made repeatedly to the acts of an agent, responsibility 
of principal or agent, etc. Jt is very necessary that the more obvious facts 
concerning the relationship be understood, although only a bare statement of 
the underlying principles will be made here. 

Tucker defines agency as “the relation between two or more persons, 
created by a contract, express or implied, by which one undertakes with more 
or less discretionary power to represent another in the transaction of certain 
lawful acts or business.” 

Also, “At common law, every person who is competent to act in his own 
right, and for himself, may act by an agent.” 

Agency may be created by an express act or instrument, and under certain 
conditions by implication. The latter occurs under conditions of ordinary 
usage as esttddii^hed by well-known previous acts of the principal. 

When one deals with an agent he must ascertain the extent of the agent’s 
authority, at- his own risk. 

Certain personal and judical acts cannot be delegated to an agent. 
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Theoretically, an agent cannot pass on his authority to another, but in 
actual practice many acts may be so delegated in accordance with custom and 
usage. ' 

Agent's authority, by Mcchem, consists of: 

1. The powers directly and intentionally conferred b 3 ' the voluntary art. 
of the principal. 

2. The incidental powers which arc reasonably necessary to carry into 
efTect the main powers C(»nferred, unless thc}'^ are known to be 
prohibited. 

.S. The powers which custom and usage hav^e added to the main powers, 
and w’hich the parties arc deemed to have had in contemplation at the 
time of creating the agency, and which are not known to have been 
forbidden. 

4. Of all such other powers as the principal has bj" his direct act, negligent 
omission, or acquiescence, caused or i)ermitted persons dealing with tin* 
agent reasonabl\’ to believe that the principal had conferred. 

5. The powers the agent's exercise of which the principal has sul)se(iuenlly, 
with full knowledge of the facts, ratified and contirmc'd. 


Luttt.no the CV)Ntua( t 

In the placing of all contracts for jmblic works, and sometimes in private 
enterprises, contracts are let on the basis of open bidding. There are certain 
principles to be observed in doing this, and engineers sliould be familiar 
with the practices which ha\e been fairly well establishcal. The basic, idea 
is to preserve conditions of exact equality of opportunity for those jiresenting 
their jiroposals, who are ])roi)erly eciuipped for doing the work, and at th(i 
same time to insure the presentation of bids in such form and with such 
designated subdivisions as will make possible a coinjiarison of the jiroposals 
on a proper basis. 

C’omplete specifications form the true basis for the preparation of estimates 
of cost on w hich bids must be based. To avoid the expense of sending broad- 
cast the bulky specifications, in an attempt to reach all who may desire to 
submit, bids, abbreviated statements are prepared containing information 
which will enable constructors to determine whether or not they are int(*r- 
ested. This brief statement is jmblished consjiicuously in the jmblic pn*.ss 
as an advertisement. The list of the items of information which it should 
contain carries in itself an explanation of the purpose's to be served, so that 
extended discussion is unneccss.ary. 

Points to Be (’o\eiiei) in the .Xdveiitisement 

1. By whom bids will be received. 

2. Where received. 

When received. 

4. Nature of work or material to be furnished. 

5. liocation of work. 
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6. Amqunt of work or material lo be furnished. 

7. When contract is to be begun ^nd when finished. 

8. Where plans may be seen or obtained. 

9. Where specifications may be seen or obtained. 

10. What security will be reejuired with proposal. (If resident bondsmen 
are required, it should be stated.) 

11. What bond will be required with contract. (If resident bondsmen are 
required, it, should be stated.) 

12. When proposals will be opened. 

13. When contract will be awarded. 

14. Other information of interest or importance to non-resident bidders. 

15. From whom general information may be obtained. 

16. Itcservation of rights to reject any or all bids, or to w aive informalities. 

17. Oilicial signature of officers letting work or receiving bids. 


LnsTRT (’TTO.\S TO BlDDEllS 

Sui)plt*menling tlie specifications tliere is usually a statement giving 
instructions to bidders on various matters not dirtjctly included in the 
specifications themselves. The list which follows shows the f)oints usually 
covered and the order in wdiich they may properly be arranged. 

1. General notice, including time of receiving bids and general character 
of the work. 

2. IIow sealed, and to whom delivered. 

3. Formalities required in proposals. 

4. Manner of stating prices. 

5. Fsti mates. 

(). Where informal ion can be obtained. 

7. Ileservation t,o alter amounts of work. 

S. Reservation as to amount of work let under single contract. 

9. Reservations as to time of beginning and completion. 

10. Reasons for rejection of bids. 

11. Security to be reciuired with bid and with contract. 

12. Security wdth c.ontract. 

13. Miscellaneous re(|uircinen1s. 

]*’ORM OF FllOPOSAL 

C -areful attention should be given to the explanation of the form in which 
bids are to be made. 31iis is essential to the making of a true comparison 
to determine the bid most favorable to the owner. There may be natural 
s\ibdivisions on which separate quotations sliould be made. In purchase 
contracts it- frequently is desirable to aw'ard these separate sections to 
ditTerent bidders. 'There may be special considerations under wdiich the 
w'ork is to hv (h»ne or the material siq^plied. Whatever it may be, full 
instructions constitute the only safcguard*to making a contract equitable to 
both j)arties, and it shouUl be insisted that the bidders conform to all 
requirements in the way of furnishing detailed bids on the several sections. 
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The following illusinitos the idea, although a single form cannot be made to 
cover the many variable stipulations ;ippropriate to the multitude of types 
of contract work. 

The formal statement usually includes: 

1. ^‘Thc bidder has carefully examined the location, plans and specifi- 
cations,” and 

2. “The bid has been made without collusion or fraud.” (Tliese two 
declarations are commonly embodied in the proposal. They may have 
little legal significance, but serve as a warning.) 

13. The agreed dates of beginning and completion. 

4. Stating the character and amount of securit y submitted with the bid 
and agreeing to forfeit the same if the bid is accepted and the bidder fails 
to enter the contract as agreed. 

5. An agreement to furnish security and a statement, as to the character 
of the same. 

6. The names of subcontractors, when parts of the work are to be sublet 
to other contractors or manufacturers, and, finally, 

7. The signature of jirincipals, their place of business, and the signature 
of witnesse.s or an acknowledgment if required. 

PROPOSAL^ 

'J'o the Board of Park Cominissoner.s of the (^ity of 
Boston for building abutments and wing-walls for a 
bridge at Wood Island Park, East Boston. 

lo tlie Board of Park C'ommis.sioners of the City of Boston for building 

abutments and w ing-w’alls for a bridge at Wood Island Park, East Boston. 

The undersigned hereby declares that he has carefully examined tin? 
annexetl form of contract and specifications, and will provide all necessary 
machinery, tools, apparatus, and other means for construction, and do all tlic 
w’ork, and furnish all the materials called for by said contract and specifi- 
cations! in the manner prescribed by the contract and the specifications, 

and the requirements under them of the Engineer, for the sum of 

($ ) 

. .Accompanying tins proposal is a certified check for the sum of 
.... , . , as called for in the fore- 

going advertisement. 

No member of the City Council, and no jierson in any office or employment 
of the City of Boston, is directly or indirectly interested in this proposal, 
or in any contract which may be made under it, or in expected profits to arise 
therefrom; and this proposal is made in good faith, w'ithout collusion or 
connection with any other person bidding for the same W'ork. 

Name 

Address. 

When it is desired to have separate bids on subdivisions of tin* work, these 
subdivisions are listed in detail w*ith blank spaces for filling in the amount 

* See Mead’s ''Contracts and Specifications.” 
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of the bid on each. This list of subdivisions is inserted in the space provided 
in the above form for the statement gf the amount of the bid. 

PREPARATION OF CONTRACTS 

In a brief treatment of the subject, such as is Riveii here, little can be 
done in the way of covering the complex task of writing construction 
contracts. The best that can be done is to furnish a few good samples 
which may be studied as the basis for agreements on similar work. When 
an enterprise involves any unusual features, the only safe course is to submit 
the matter to competent legal counsel. Governmental, state, and municipal 
agreements are commonly made on standard forms which have been developed 
by the»4egal de])artments. Contracts for the purchase of machinery are 
likewise drawn on lines standardized by the manufacturing companies. 

During recent years efTorts have been made to standardize government 
contracts. The first illustration given below is the result of cooperative 
study by the agencies noted. The second is the form used for machinery 
coritracts by the Western Electric Company. 


UNIVERSAL CONTRACT AGREEMENT 
As Applied to Railroad Construction 

This form is the outcome of conferences of representatives of the following 
bodies: 

American Association of State Iliglnvay Officials. 

American Institute of Architects. 

American Railway Engineering Association. 

American Society of Civil Engineers. 

American Water Works Association. 

Associated General Contractors of America. 

Federated American Engineering Societies. 

National Association of Hiiilders’ Exchanges. 

Western Society of Engineers. 

INTRODUCTION 

Early in the proceedings of the Joint Conference on Standard Contract 
Forms, discussion centonvl upon the question of arbitration. This subject 
was found to be so intimateh connected with numerous other provisions of 
the contract t hat the Conference was obliged to decide at the outset whether 
it, would include an arbiiration clause or reject the principle of arbitration 
altogether. After extended deliberation upon the matter, it was decided 
that an arbitration clause should be included; accordingly the clause 
submitted by the Drafting Committee, which is practically that of the 
American Institute of Architects, was inegrporated in the documents. 

The subject of arbitration proved to be such a complicated matter that 
it was not ])ossible at this conference to draft a clause accepjtable to all of the 
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representatives, but, in order that the principle itself might be included, 
leaving for further deliberation its proper application, the clause submitted 
was accepted. From criticism and suggestions, to be received by tlu* 
Conference after the documents have been transmitted to the respective^ 
associations, it can doubtless formulaic an ac.''.eptablc contract provision. 
This explanation is made in order that no one may reject t he whole princijde 
of arbitration, on account of the manner in which it is apjdied in the accom- 
panying form of agreement. 

That some limitation of arbitration is necessary for successful and expedi- 
tious execution of construction was voiced by practically all members of the 
Conference, but an adequate expression of this limitation for employment in 
the standard documents was precluded by the limited duration of the 
meetings. 

The first meeting of the Joint Conference on Standard Const ructiem 
Contracts was held December 15, 1921, at the Dcpartnicnt of Commerce, 
AVashington, D. C. After a two-day session, opened l)y IVIr. Hoover, a 
plan was Jidopted for drawing iip a system of standard documents embcalying 
the following forms: 

a. A I'niversal Agreement for contracts between the owner and contractor 
containing those provisions of a general character applicable to any type of 
construction. 

h, A set of general conditions for each division of construction, comj)lo- 
iiientary to the Vniversal Agreement and containing those principles of a 
character applicable only to the individual type of work. 

At the second n^eeling, held April 14, 1922, at the Department of Com- 
merce, a form of rniversal Agreement, with a set of Hudding General Con- 
ditions and set of Itailroad General Conditions complementary thereto, wa.^ 
submitted by the Drafting Committee for consideration by the Conference. 
These docuinent.s, during two days’ deliberation, were revised in accordanci* 
with views of the representatives, and were then approved by tlie Conference 
for transmittal to the respective associations for suggestions, these sugges- 
tions to be the basis for redrafting ])rior to adoption of the documents. 

The two contract documents contained in this pamphlet are the I’niversal 
Agreement as apjilied to railroad work and a set of Railroad tieneral C’on- 
ditions. These two documents, together with the Plans and Specifications, 
constitute a railroad construction contract, h^ollowing these is presented 
a tabulation of items wherein the.se documents differ from those of the 
American llaihvaj’ Engineering Association. 

To facilitate comparing those documents with the Standard Documents 
of the American Institute of Architects and the American Railway Engin- 
eering Association, a set of symbols referring to those Documents is used as 
follows : 

Any symbol placed on riglit hand side of the page designates where the 
subject matter above is found in the A. R. E. A. Contract, and any 
symbol placed on the left hand side designates where the subject 
matter above is found in the A. I. A. Ckmtract. 

'I'he number in llie symbol gives the number of tlie article referred to, 
the letter ‘‘A” signifies that the article is in the Agreement of the 
Contract referred to; the letter “G'’ signifies that the article is in 
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the •General Conditions of the Contract referred to and the asterisk 
indicates that the subject matter above is not treated in the Contract 
referred to. 

In the A. R. E. A. Co retract, articles of the AKreeinent arc not num- 
bered and wfien one of thcij^ is referred to the letter with a 

number designates a paragraph in tliat agreement, c. g.^ P 2 refers to 
Par. 2 of the A. R. E. A. Agreement. 

WARD P. CHRISTIE 

Secretary. 

Notk: It lias seemed wise to print in full the above statement ot the con- 
ference in order that all may understand the exact conditions under which 
the Universal Agreement was developed. The form is subject, to further 
revision, but it furnishes the best illustration extant of the deliberations 
directed toward the important, task of establishing a uniform type of con- 
struction contract. '^Fhe author here acknowledges his obligations to 
rejirescnt atives of the conferees for the privilege of using the form. 

THE UNIVERSAL AGREEMENT 

THIS AGREEMENT made the . . . *day of .... 

in the year Nineteen Hundred and . .by and between 


hereinafter called the Constnictor, and .... 

hereinafter called the Company 
WITNESSETH, that the Constructor and the Company for the consider- 
ations hereinafter named agree as follows: 

PART A* 

AKTKM.E I 
Scope of Work 

I'he Constructor shall jicrform all the work shown on the Drawinf;s and 
described in the S]iccifi<aitioiis entiJed 


( Ilurc iiiM’it ttii* I'liplioii drscriptivr of thu \^oik ub used iii the Proposal, Cieiieral Conditions, 
Speei (.cations, and upon the Drawings) 


l>rej)ared by. . . . 


acting as, and in these Contract Documents entitled the Chief Engineer, and 
shall do everything required by the General Conditions of the^Contract, the 
Specifications and the Drawings. 

A 1 P2 

*Part “A"’ contains those Articles in which blank spaces are to be filled 
out in preparing the individual contract, and 

Part “B” contains those Articles which require no tilling out of blanks 
for the individual contract. 
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ARTICLE II 
Time of Completion 

The work to be performed under this Contract shall be substantially 
completed 

(Here iiiHert the date or dates of coiiiplotion, commcneenient if desired, and stipulations us to 
liquidated damages if any) 


A 2 P 3 

ARTICLE III 

The Contract Sum 

The Company shall pay the Constructor for the performance of the Con- 
tract, subject to additions and deductions provided therein, a sum of money 
as follows: 


(State here the lump sum amount, unit priee> or holli »s desireil in individual eases) 


A 3 P 4 

Where the quantities originally contemplated arc so materially changed 
that the application of the agreed unit price to the quantity of work per- 
formed is shown to create a hardship to the owner or the Constructor, there 
shall be an equitable adjustment of the contract to prevent such hardship. 

♦ ()34 A 


ARTICLE IV 


Progress Payments 

The Company shall make payments on account of the Contract as i)ro- 
vided ^.herein, as follows: 

On or about the. . . day of each month ninety 

per cent of the value, proportionate to the amount of the Contract, of labor 
and materials incorporated in the work and of materials suitably stored at 
the site thereof up to the first day of that month as estimated by the Engineer, 
less the aggregate of previous payments. 

(Insert here any provision to be made for limiting or reducing tin* amount retained after the 
work reaches a certain stage of completion) 


A 3 G 36 

ARTICLE V 

Acceptance and Final Payment 

The Engineer shall promptly make final inspection for acceptance upon 
receipt of written notice that the work is ready for such inspection, and 
shall, within days after the Constructor has fully completed 
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the work, jnake a final estimate of* the work performed, and shall execute a 
certificate over his signature, stating that the work provided for in this 
contract has been completed and accepted by him under the terms and 
conditions thereof; and tlie entire balance found to be due the Constructor 

shall be payed to him within days after he has fully performed 

all of his contractual obligationia These obligations shall include the 
submission of evidence satisfactory to the Chief Engineer that all pay rolls, 
material bills and other indebtedness connected with the work have been 
paid. 

A 3 C 37 

If when the work has bejcn substantially completed, it should develop that 
full completion thereof is delayed through no fault of the C'onstructor, or if 
for an>r\>ther reason the Chief Engineer deems it advisable, the Company 
shall, without, terminating the contract, make payment in full for that 
portion of the w’ork completed. Such payment shall be made under the 
terms and conditions governing final payment, except that it shall not 
constitute a waiver of claims. 

A 3 

ARTK^LE VI 
The Contract Documents 

The General C-onditions of the Contract, the Specifications and the Draw- 
ings, together with this Agreement, shall form the Contract, and they arc as 
fully a part of the Contract as if liereto attached or herein repeated; the 
following is an enumeration of the Sj)ecifications and Drawings: 


A 4 P 2 

PART B* 

AHTK3.E VI 1 

Decisions of the Engineer 

The Engine<;r shall, wit hin a reasonable time, make decisions on all claims 
of the Constructor and on all other matters relating to the execution and 
jirogress of the work or the interpretation of the Contract Documents. 

G 10 G 25, G 26 


ARTICLE VIII 
inspection of Work 

The Engineer and his representatives shall at all times have access to the 
work wherever it is in preparation or progress, and the Constructor shall 
provide proper facilities for such access and for inspection. 

If the specifications, the Engineer’s instructions, laws, ordinances or any 
public aulliority require any work to b(^ specially tested or approved, the 
Constnict/or shall give the Engineer timely notice of its readiness for inspec- 
tion, and if the inspection is by another authority than the Engineer, of the 
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dal e fixed for such inspection. Inspections by the Engineer shall be promptly 
made, and, where practicable, at the spurce of material supply. Inspection 
at the source shall not constitute acceptance of materials subsequently 
damaged. 

If any such work should be covered up witlio^it approval or consent of the 
Engineer, it must, if required by the Eit-igineer, be uncovered for examina- 
tion at the Constructor’s expense. 

Ke-exainimition of questioned work may be ordered by the Engineer. 
If such work be found in accordance with tlie contract, the Company shall 
pay the cost of re-examination and replacement. If such work be found 
not in accordance with the contract, the Constructor shall pay such cost, 
unless he shall show that the defect in the work was caused by another 
(’onstructor, and, in that event, the Coinpanv shall pav the cost. 

C 13 “ C 12 


AHTK^LE IX 

Correction of the Work Before Final Payment 

The Constnictor shall promptly remove from the premises all materials 
condemned by the Engineer as failing to conform to the Contract, whether 
ineorporated in the work or not, and the (’onstructor shall pnmiptly replace 
and re-execute his own work in accordance with the Contract and without 
expense to the CV)mpany and shall bear the expense of making good all work 
of other Const met ors destroyed or damaged by such removal or replacement. 

If the (’onstructor does not remove suc*h condemned work and materials 
within a reasonable time, fixed by written mdice, the (’ompany may remove 
them and may store tlie material at the expense of the (’onstructor. If the 
(’onstructor does not pay the (expense of such removal within reasonable 
time thereafter, the Company may, upon ten days’ written notice, sell such 
materials at auction or at private sale and shall account for the net proceeds 
thereof, after deducting all the costs and expenses tliat should have been 
borne bv the Constructor. 

G 14 ‘ G 13 

ARTK’I.E X 

Deductions for Uncorrected Work 

If the Chief Engineer deems it inexpedient to correct work injured or done 
not in accordance with the C’ontract, the dilTercncc in value together with a 
fair allow^ance for damage shall be deducted, the amount deducted to be 
determined by agreement or arbitration. 

G 15 C 13 

ARTICLE XI 

Protection of Work and Property : Emergencies 

The C’onstruetor shall continuously maintain adequate protection of all 
his work from damage and shall protect the Company’s property from injury 
arising in connection with this Contract.. He shall make good any such 
damage or injury, except such as may be directly due to errors in the (’on- 



APPENDIX A 


329 


tract Doq^ments or agents or employes of the Companj'. He shall ade- 
quately protect adjacent property provided by law and the Contract 
Documents. He shall provide and maintain all passage; ways, guard fences, 
lights and other facilities for protection necessitated by public authority 
and local conditions. 

Cl 17 Cl 10, G 5 

In an emergency affecting the safety of life or of the work or of adjoining 
property, the (Constructor, without special instinct ion or autliorization from 
the Engineer, is hereby jiermitted to act, at his discretion, to jirevent su(;h 
threatened loss or injury, and he shall so act, w ithout appeal, if so instructed 
or authorized. Any claim for compensation on account of emergency work 
shall be passed upon by the Engineer. 

(1 IS .. 

ARTK^LK Xll 
Changes in the Work 

Th»' C-oinpaiiy, w’ithout invalidating the c,ontract, may order extra w’ork 
or make changes by altering, adding t<» or deductiiy^ from tlie work, the 
contract sum being adjusted accordingly. All such work shall be e.vecuted 
under the conditions of the original contract except that any claim for 
extension of time caused thereby .shall be adjii.sted at the time of ordering 
such change;. 

In giving instructions the Engineer shaM have authority to make minor 
changes in the work not involving extra cost and not inconsistent with the 
purposes of the work, but otherwise, excejit m an emergency endangering 
life or jiroperty, no extra work or change shall be made unlc.ss in pursu- 
ance of a w’ritten order by the Engineer, and no claim for an addition 
tf) the contract sum shall be valid unless so ordered. 

The value of any .such extra work or change shall be determined in one or 
more of the following w’ays: 

a. By estimate and acceptance in a lump .sum. 

h. By unit prices named in the contract or subsequently agreed upon. 

(■ By co.st and percentage or by cost and a fixed fee. 

(L If none of the above methods is agreed upon, the Gonstructor, 
])rovidcd he receive an order as above, shall proceed with thew’ork, 
no appeal to arbitration being allowed from such order to proceed. 

In cases (c) and (d), the C'onstructor shall keep and present in such form as 
the Engineer may direct, a correct account of the net cost of labor and mate- 
rials, together with vouchers. In any case, the Engineer shall certify to the 
amount due to the Gonstructor. Pending final determination of value, 
payments on account of changes shall be made on the Engineer's estimate. 

G I' G 24 (J 28, G 29 

ARTICLE XIII 
Claims for Extra Cost 

If the (^>nstructo^ claims that any instructions by draw ings or otherwi.se, 
involve extra cost under this contract, he shall give the Engineer written 
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notice thereof before proceeding to execute the work except in emergency 
endangering life or property, and, in any event, wdthin two weeks o^ receiving 
such instructions, and the procedure shall then be as provided for in changes 
in the work. No such claim shall be valid unless so made. 

( I 2,5 « G 29 

AirncLhr'xiv 

Payments Withheld 

The Company may w'ithhold or, on account of subsequently discovered 
evidence, nullify the whole or a part of any estimate for payment to such 
extent as may be necessary to protect itself from loss on accHmnt of: 

a. Defective work not remedied. 

h. (’hiims filed or reasonable evidence indicating filing of claims. 

r. failure of the ConstrucUir to make payments properly to subcon- 
tractors or for material or labor. 

(I. A reasonable doubt tliat the contract can be cfunpleted for the 
balance then unpaid. 

c. Damage to another Constructor. 

When all the above grounds are removed payment shall be made for 
amounts withheld because of them. 

(; 2s (; ;i;i-c, c; 

ARTICLE XV 

Delays and Extension ot Time 

if the Constructor be delayed in the completion of the work by any act 
or neglect of the (.‘Ompany, or of its employes, or by any other (Constructor 
employed by the Company, or by changes ordered in the wtirk, or by strikes, 
lockouts, fire, unusual delay by common carriers, unavoidable casualties or 
any causes beyond the C'onstrucUir’s control, or by delay authorized by the 
(Miief Phigineer pending arbitration, or by any cause which the Chief 
lOngineer shall decide to justify the delay, then the time of completion shall 
lie extended for such reasonable time as the Chief Engint;er may decide will 
compensate for such delay. 

No sucli extension shall be made for delay occurring more than seven days 
before claim therefor is made in writing tx) the Engineer. In the case of a 
continuing cause of delay, only one claim is necessary. 

If no schedule or agreement, stating the dates upon wdiich drawings shall 
be furnished, is made, then no claim for delay shall be allowed on account of 
failure t>o furnish drawings until tw^o weeks after demand for such drawings 
and not then unle.ss such claim be reasonable. 

This article does not exclude the recovery of damages for delay by <‘ithcr 
party under other provisions in the contract documents. 

C, 35 (1 31 

ARTICLE XVI 

The Company’s Right to Do Work 

If the Constructor should neglect to prosecute the work properly or fail 
to perform any provision of this contract, the (Company, after three days' 
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written notice to the Constructor^ niay, withdht prejudice to any otlier 
remedy he^may have, make good such deficiencies and may deduct the^cost 
thereof from the payment then or thereafter due the Constructor. 

G 36 G 33.C 


ARTICLE XVH 


Company’s Right to Terminate Contract 

If the Constructor should be adjudged a bankrupt, or if lie should make a 
general assignment for the benefit of his creditors, or if a receiver should be 
appointed on account of. his insolvency, or if he should j)erMistently or 
repeatedly refuse or should fail, except in cases for which extension of time 
is provhled, to supply enough properly skilled workmen or proper materials, 
or if he should fail to make prompt payment to sub-contractors, or for 
material or labor, or persistently disregard laws, ordinances or the instruc- 
tions of the Engineer, or otherwise be guilty of a substantial violation of any 
provision of the contract, then the Company, upon the certificate of the 
Cyhief Engineer that sufficient cause exists to justify such action, may, with- 
out prejudice to any other right or remedy and after^iving the Constructor 
seven days’ written notice terminate the employment of the Constructor 
and take possession of the premises and of all materials, tools and appliances 
thereon and finish the work by whatever method he may deem expedient. 
In such case the C’onstructor shall not be entitled to receive any further 
payment until the w^ork is finished. If the unpaid balance of the contract 
sum shall exceed the expense of finishing the work, including compensation 
for additional managerial and administrative services, such excess shall be 
paid to the Constructor. If such expense shall exceed such unpaid balance, 
the Constructor shall ])ay the difference to the Company. The expense 
incurred by the Company as herein provided, and the damage incurred 
through the Constructor’s default, shall be certified by the Chief Engineer. 
C, 37 G 33-B 


AiniCLE XVIIl 


Constructor’s Right to Stop Work or Terminate Contract 

If the work should be stopped under an order of any court, or other public 
authority, for a period of three months, through no act or fault of the 
Constructor or of any one emidoyed by him, or if the Engineer should fail 
to issue any estimate? w’ithii' seven days after it is due, or if the Company 
should fail to pay to the C^onstructor, within seven days of its maturity and 
presentation, any sum certified by the Engineer or awarded by the Arbi- 
trators, then the Constructor may, upon three days' written notice to the 
Company and tlic lOngineer, stop work or terminate this contract and 
recover from the Company payment for all work executed and any loss 
sustained upon any plant or material an(l reasonable profit and damages. 

G 38 G 35 
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ARTICLE XIX 
Damages 

If cither party to this contract should suffer damage in any manner because 
of any wrongful act or neglect of the other party or of any one employed by 
him, then he shall be reimbursed by the other f»arty for such damage. 

Claims under this clause shall be madd^in writing to the party liable within 
a reasonable time of the first observance of such damage and not later than 
tlie time of final payment, except as expressly stipulated otherwise in the 
case of faulty work or materials and shall be adjusted by agreement or 
arbitration. 

C :^9 G 16 

ARTICLE XX 

Assignment 

Neither party to the contract shall assign the contract or sublet it as a 
whole without the written consent of the other, nor shall the Constructor 
assign any moneys due or to become due to him hereunder, without the 
jirevious written conso:it of the Chief Engineer. 

G 42 C 7 


ARTKTE XXI 

Constructor's Liability Insurance 

The Constructor shall maintain .such insurance as will protect him from 
claims under workmen’s compensation acts and from any other claims for 
damages for personal injury, including death, which may arise from oper- 
ations under this contract, wliether .such operations be by himself or by any 
subcontractor or anyone directly or indirectly employed by eillier of them. 
Certificates of .such in.siirance shall be filed woth the Chief Engineer, if he so 
require, and shall be .subject to his ai»proval for adequacy of protection. 

G 19 G 16 


ARTICLE XXII 
Liens 

Neither the final payment nor any part of the retained percentage sliall 
become due until the Constructor, if required, sliall deliver to the Company 
a complete release of all liens arising out of this contract, or receipts in full in 
lieu thereof, and, if required in either case, an affidavit that .so far as he lias 
knowdedge or information the releases and receijits include all the labor and 
material for which a lien could be filed; but the Constructor may, if any 
subcontractor refuses to furnish a release or receipt in full, furnish a bond 
satisfactory to the Company, to indemnify it against any lien. If any lien 
remain unsatisfied after all payments are made, the Constructor shall refund 
to the Compaiiy all moneys that the latter may be compelled to pay in 
discharging such lien, including all* costs and a reasonable attorney’s fee. 

G 29 G 17 
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ARTiCLE XXIII 
Permits and Regulations 

Permits and licenses of a temporary nature necessary for prosecution of the 
work shall be obtained and4)aid for by the Constructor. Permits, surveys 
and licenses for permanent stru<itures or permanent changes in existing 
facilities shall be obtained and paiil for by the Company. 

The ConstrucU>r shall give all notices and comply with all laws, ordinances, 
rules and regulations bearing on the conduct of the work as drawn and speci- 
fied. If the Constructor observes that the drawings and specifications are 
at variance therewith, he shall promptly notify the Engineer in writing, and 
any necessary changes shall be adjusted, as provided in the contract for 
changes in the work. If the Constructor perforins any work knowing it to be 
contrary to such laws, ordinances, rules and regulations, and without such 
notice to the Engineer, he shall bear all costs arising therefrom. 


ARTICLE XXIV 
Royalties and Patents 

The Constructor shall pay all royalties and license fees. He shall defend 
all suits or claims for infringement of any patent rights and shall save the 
(\)inpfiny harmless from loss on account thereof, except that the C.ompany 
shall be resjamsible for all such loss when the product of a particular manu- 
facturer or manufacturers is si)ecified, but if the ConstrucU)r has infor- 
mation that the article sjiecified is an infringement of a patent he shall be 
responsible lor such loss unless he promptly gives such information to the 
Engin(?er. 

G ;u 


AinT(T.E XXV 
Superintendence : Supervision 


The Constructor shall keep on his work, during its jirogress, a competent 
superintendent and any necessary assistants, all satisfactory to the Engineer. 
'Phe superintendent shall not be changed except with the consent of the 
Engineer unless the suiierin tendon t proves to be unsatisfactory to the 
Constructor and ceases to be in his einjiloy. The superintendent shall 
represent the Constructor in his absence and all directions given to him shall 
be as binding as if given to the Constructor. Important directions shall be 
confirmed in writing to the Constructor. Other directions shall be so con- 
firmed on written request in each case. 

The Constructor shall give efficient supervision to the work, using his best 
skill and attention. He shall carefully .study and compare all drawings, 
specifications and other instructions and shall at once report to the Engineer 
any error, inconsistency or omission which he may discover. 

11 C, 8 
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ARTICLE XXVI 
Arbitra^on 

All questions in dispute under this contract shall be submitted to arbi- 
tration at the choice of either party to the dispute. 

The Constructor shall not cause a delay of the work on account of any 
arbitration proceedings, except by agreement wuth the Chief Engineer. 

The demand for arbitration shall be filed in writing with the Chief Engineer 
in the case of an appeal from his decision, w^ithin ten days of its receipt and 
in any other case within a reasonable time after cause thereof and in no case 
later than the time of final payment, except as otherwise expressly stipulated 
in the contract. If the Engineer fails to make a decision within a reasonable 
time, an appeal to arbitration may be taken as if his decasion had been 
rendered against the party appealing. 

No one shall be nominated or act as an arbitrator who is in any way 
financially interested in this contract or in the business affairs of either the 
C Company or the Constructor. 

The general procedure shall conform to the laws of the State in which the 
work is to be erected. Unless otherwise provided by such laws, the parties 
may agree upon one arlfitrator; otherwise there shall be three, one named, in 
writing, bj' each party to this contract, to the other party and to the Chief 
Engineer, and the third chosen by these two arbitrators, or if they fail to 
select a third within ten days, then he shall be chosen by the presiding 
officer of the Bar Association nearest to the location of the work. Should the 
party demanding arbitration fail to name an arbitrat(jr witliin ten days of 
his demand, his right to arbitration shall lapse. Should the other party 
fail to choose an arbitrator within said ten days, then such presiding officer 
shall appoint such arbitrator. Should either party refuse or neglect to 
supply the arbitrators with any papers or information demanded in writing, 
the arbitrators are empowered by both parties to proceed ex parte. 

The arbitrators shall act with promptness. If there be one arbitrator, 
his decision shall be binding: if three, the decision of any two shall be 
binding.^ Such decision shall be a condition precedent to any right of legal 
action, and wherever permitted b}*^ law it may be filed in Court to carry it 
into effect. 

The arbitrators, if they deem that the case demands it, are authorized to 
aw^ard to the party whose contention is sustained such sums as they shall 
deem proper for tlie time, expen.'^e and trouble incident to the appeal, and if 
the appeal was taken without reasonable cause, damages for delay. 'I'lie 
arbitrators shall fix their own compensation, unless otherwise provided by 
agreement, and shall assess the costs and charges of the arbitration upon 
either or both parties. 

The award of the arbitrators must be in writing and, if in writing, it sliall 
not be open to objection on account of the form of the proceedings or the 
award, unless othen^dse provided by the laws of the State in which the work 
is to be erected. 

In the event of sucli laws presiding on any matter covered by this article 
otherwise than as hereinbefore specified, the method of procedure through- 
out and the legal effect of the award shall be w’holly in accordance with the 
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said State laws, it being intended Hereby to lay down a principle of action to 
be followed, leaving its local applications to be adapted to the legal require- 
ments of the place in which the worlc is to be erected. 


G 45 


ARTICLE XXVII 

Execution, Correlation and Intent of Documents 

The Contract Documents shall be signed in duplicate by the Company 
and Constructor. In case of failure to sign the General Conditions, Draw- 
ings or Specifications the Engineer shall identify them. 

The Contract Documents arc complementary, and what is called for by 
anyom> shall be as binding as if called for by all. The intention of the 
documents is t-o include all labor and materials, equipment anil transpor- 
tation reasonably necessary for the proper execution of the work. It is not 
intended, however, that materials or w'ork not covered by or properly 
inferable from any heading, branch, class or trade of the sfiecifications shall 
be supf)licd unless distinctly so noted on the drawings. Materials or work 
described in words which so applied have a well kpown-teohiiical or trade 
meaning shall be held to refer to such recognized standards. 

G 2 G 3 

'riic C/onstructor and the Company for themselves, their successors, 
executors, administrators and assigns, hereby agree to the f\ill performance 
of the covenants herein contained. 

IN WITNESS WHEREOF they have executed this agreement, the day 
and year first, above written. 


Standard General Conditions -Railroads 

SECTION 1— Principles and Definitions 

a The Contract Documents consist of the Agreement, the (jeneral 
(’onditions of the Contract, the Drawings and Specifications, 
including all modifications thereof incorporated in the documents 
before their execution. These form the Contract. 

G 1 PI 

b. The Company, the Constructor, the Engineer and the Chief Engin- 

eer are those named as such in the Agreement. The last three 
are treated throughout the Contract Documents as if each were 
of the singular number and masculine gender. 

G 1 

c. Wherever in this Contract the word Engineer is used, it shall be 

understood as referring to the Chief Engineer of the (kmipany, 
acting personally or through an assistant duly authorized in 
writing for such act by the Chief Engineer, and wherever the 
words C^hief Engineer are used it shall be understood as referring 
to the Chief Engineer in, person, and not to any assistant 
engineer. 


G 24 
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d. The term subcontractor, as employed herein, includes only those 

having a direct contract with the Constructor and ii includes 
one who furnishes inateriarworked to a special design according 
to tlic plans or specifications of this work, but does not include 
one who merely furnishes material ,not so worked. 

0 1 

e. Tlie term “work’’ of the Constructor or Subcontractor includes 

labor or materials or both, equipment, transportation, or other 
facilities necessary to complete the contract. 

CJ 1 ^ * 

/. All time limits stated in the Contract Documents are of the essence 
of the contract. 

G 1 P2 

g. The law of the place of building shall govern the constnictioh of this 

contract. 

G 1 * 

h. Xo work shall be done at night without the previous approval of the 

Kngincer. 

* G 12 


SECTION 2 — Constructor’s Understanding 

It is understood and agreed that the Constructor has, by careful exann- 
nation, satisfied himself as to the nature and location of the work, the con- 
formation of the ground, the character, quality and quantity of the materials 
to be encountered, the character of equipment and facilities needed pre- 
liminary to and during the prosecution of the work, the general and local 
conditions, and all other matters which can in any way affect the work under 
this contract. No verbal agreement or conversation with any officer, agent 
or employee of the Company, either before or after the execution of this 
contract, shall affect or modify any of the terms or obligations herein 
contained. 

* G 2 


SECTION 3 — Drawings 

a. Coijies Furnished — Unless otherwise provided in the Contract 
Documents the Engineer will furnish to the Constructor, fre(‘ 
of charge, all cojiies of drawings and specifications reasonably 
necessary for the execution of the work. 

G 4 * 

h. Detail Drawings and Instructions — The Engineer shall furnish, wdth 

reasonable promptne.ss, additional instructions, by means of 
drawings or otherwise, niicessary for the j)roper execution of the 
work. All such drawings and instructions shall be consistent 
with the Ointract Documents, true dcvelojmients thereof, and 
reasfjiiably inferable therefrom. 

G 3 ♦ 

c. Copies of the Work — The Constructor shall keep one copy of all 
drawings and specifications on the work, in good order, available 
to the Engineer and to his representatives. 

G 0 ♦ 
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SECTION ^ — Materials, Appliances, Transportation 

Unless otherwise stipulated, the Constructor shall provide and pay for all 
materials, labor, water, tools, equipment, light, power and transportation 
and other facilities necessary for the execution and completion of the work. 
G 12 PI 

SECTION 6 — Property and Right of Entry 

The Company shall provide the lands upon whicli the work under this 
contract is to be done, except that the Constructor shall provide land 
required for the erection of temporary construction facilit ies and storage of 
his material, together with right of access to same. 

The Constructor shall hot ship any material or equipment until he has 
received written notice from the Engineer that he may proceed with said 
work or any part thereof. 

(J 32 G 30 

SECTION 6 — Notice — How Served 

Any notice to be given by the Company to tlie Constructor under this 
(‘ontract shall be deemed to be served if the same he delivered to the man in 
charge of any office used by the Constructor, or to his*forcman or agent at or 
near the work, or deposited in the postoflice, postpaid, addressed to the 
(instructor at his last known place of business. 

C; 1 G 34.b 

SECTION 7 — Rights of Various Interests 

Wherever work being done by Company h)rces or by other Constructors 
is contiguous to work covered by this contract the respective rights of the 
various interests involved shall be established by the Engineer, to secure the 
comph'.tion of the various portions of the work in general hannony. 

G 45 G 0 

SECTION 8 — Timely Demand for Points and Instructions 

I'he (Constructor shall provide reasonable and necessary opportunities 
.‘•nd facilities for setting points and making measurements. He shall not 
proceed until he h.as made timely demand upon the Engineer for, and has 
received from him, such points and instructions as may be necessary as the 
work progresses. The work shall be done in strict conformity with such 
points and instructions. 

G 3 G 0 

SECTION 9 — Staking the Work 

The Constructor shall give the Engineer reasonable notice of starting new 
work and shall provide hin* with any assistance required in staking or 
measuring the work. 

SECTION 10 — Preservation of Stakes 

The Constructor shall carefully preserve bench marks, reference points and 
stakes, and in case of willful or careless destruction, he shall be charged with 
tlie resulting expense and shall be responsible for any mistakes that may be 
caused by their unnecessary loss or disturbance. 


G 11 
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SECTION 11 — ^Reporting Errors and Discrepancies 

If the Constructor, in the course of the work, finds any discrepancy between 
the plans and the physical conditions of the locality, or any errors or omis- 
sions in ])lans or in the layout as given by said points and instructions, it 
shall be his duty to immediately inform the Pngineer, in writing, and the 
Engineer shall promptly verify the sam' . Any work done after such dis- 
covery, until authorized, will be done at the Constructor’s risk. 

G ;io * G 10 

SECTION 12 — Order and Discipline 

The Contractor shall at all times enforce strict discipline and good order 
among his employees, and any employee of the Constructor who shall be 
incompetent, disorderly or intemperate, or in any other way disquali- 
fied for or unfaithful to the work entrusted to him, shall be dis«!hargcd 
immediately on the request of the Engineer, and he shall not again be 
employed on the work without the Engineer’s written consent. 

G 12 G 20 

SECTION 13 — Intoxicating Liquors and Drugs Prohibited 

The Constructor, in so far as his authority extends, shall not permit the 
sale, distribution or use of any intoxicating liquors or drugs upon or adjacent 
to the work, or allow any such to be brought upon, to or near the property 
of the Company. 

* G 22 

SECTON 14 — Hiring Company Employees 

The Constructor shall not employ or hire any of the Company’s employees 
without the permi.ssion of the Engineer. 

* G 21 
SECTION 15 — Settlement for Wages 

Whenever, in tin; opinion of the CUiief Engineer, it may be necessary for 
the progress of the work to secure to any of the employees engaged in the 
work under this contract any wages which may then be due them, the 
Coinpapy is hereby authorized to pay said employees the amount due them 
or any lesser amount, and the amount so paid them, as shown by their 
receipts shall be deducted from any moneys that may be or become payable 
to said contractor. 

G 28-C (1 Hi 

SECTION 16 — Fire Insurance 

The Constructor shall secure in the name of the C-ompanj’’, policies of 
fire insurance in amount, form and companies, satisfactory to the Chief 
Engineer, upon such stnicture.s ami material as shall be specified by the 
latter, payabli* to the C’ompany for th(‘ benefit of the (Constructor or the 
Omipany as the (.^hief Engineer shall find their interests to appear. 

(; 21 G 11 

SECTION 17 — Work Adjacent to Railroad 

Wherever the work embraced in this contract is near the tracks, structures 
or buildings of this Company or»of other railroads, the (Constructor shall 
use proper care and /igilancc to avoid injury to persons or property. The 
work must Vie so corducted as not t<i interfere with the movement of trains 
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or other •perations of the railroad; or, if in any case, such interference be 
necessary, the Constructor shall not. proceed until he has first obtained 
specific authority and directions therefor from the proper designated officer 
of the Company and has the approval of the Engineer. 

* ' G 18 


SECTION 18— Bond 

The Constructor shall, at the time of the execution and delivery of this 
contract and before the taking effect of the same, furnish and deliver to the 

company a written bond of indemnity to the amount of dollars, 

in form and substance and with surety thereon satisfactory and acceptable 
to the Company, to insure the faithful performance, by the Constructor, of 
all the^covenants and agreements on the part of the Constructor contained in 
this contract. This bond shall remain in force and effect for the full amount 
or su<*h smaller sum as mnv at anv time be specified by the Chief Engineer. 
G 22 “ G 1 


SECTION 19— Status of the Engineer 

The Engineer shall have general supervision and direction of the work. 
He has authority to stop the work whenever such sft.oppage may be neces- 
sary to insure the proper execution of the Contract. He shall also have 
authority to reject- all work and materials which do not conform to the 
contract; to direct the application of forces to any portion of the work, as in 
his judgment is required, and to order the force increased or diminished, and 
to decide questions which arise in the execution of the work. 

G 9 G 25 


SECTION 20 — Order of Completion ; Use of Completed Portions 

The (^instructor shall complete any portion or portions of the work in 
such order of time as the Engineer may require. The Company shall have 
the right to take jiossession of and use any completed or partially completed 
portions of the work, notwithstanding the time for completing the entire 
work or such portions may not have e.xpired; but such taking possession and 
use shall not be deemed an acceptance of the work so taken or used or any 
part thereof. If such prior use increases the cost of or delays the work, the 
(^instructor shall be entitled to such extra compensation, or extension of 
time, or both, as the Chief Engineer may determine. 

♦ G 27 

SECTION 21 — Suspension of Work 

The (Company may at any time stop the work, or any part thereof, by 

giving day ’s not ice to the Constructor in writing. The work shall 

be resumed by the Construcior within ten (10) days after the date fixed in 
the written notice from the Company to the Constructor so to do. The 
Company shall not be held liable for any damages or anticipated profits on 
account of the work being stopped, or for any work done during the interval 
of suspension. It will, however, pay the Constructor for expense of men and 
teams necessarily retained during the interval of suspension, provided the 
C^onstnictor can show that it was not reasonably practicable to move these 
men and teams to other points at which they could have been employed. 
The Company will further pay the Constructor for time necessarily lost 
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during such suspension at the rate of % per annum on the 

estimated value of^materials, equipment and fixtures furnished by the 
Constructor on the work which are necessarily idle during such suspension, 
said rate being understood to include depreciation, interest and insurance. 
But. if the work, or any part thereof, shall be shipped by tlie notice in writing 
aforesaid, and if the Company does not^givc notice in writing to the C'on- 

structor to resume work at a date within of the date fixed in tlie 

writ ter notice to suspend, then the Constructor may abandoTi that portion 
of the work so suspended and he will be entitled to the estimates and pay- 
ments for all such work done on the portions so abandoned, if any, 

* ‘ C 32 


SECTION 22 — Annulment without Fault of Constructor 

The CVirnpany shall have the right at any time, for reasons which ajipcar 
good to it, to annul this contract upon giving thirty days’ notice in writing 
to the Constructor, in which event the Constructor shall be entitled to t.!\e 
full amount of the estimate up to the time of such annulment, including t lie 
retained percentage. The Constructor shall be reimbursed by the C-om- 
pany for such expenditures as in the judgment of the Chief Engineer are not 
otlicrwise compensated for, and as are recpiired in preparing for and moving 
to and from the work; the intent being tliat aTi equitable settlement shall be 
made with the Constructor. 

• G 34.A 


SECTION 23 — Removal of Equipment 

In the case of annulment of this contract before completion from any cause 
whatever, the Constructor, if notified to do so by the C’ompany, shall 
promptly remove any part or all of his equipment and supplies from the 
property of the Company, failing which the Company shall have the right 
to remove such equipment and supplies at the expense of the (!!onstructor. 
* G 34-C 


SECTION 24 — Monthly Estimate 

So long as the work herein contracted for is prosecuted in accordance with 
the provisions of this contract, and with such progress as ma^^ be satisfactiory 
to the Chief Engineer, the said Chief Engineer will on or about the first 
day of each month, make an approximate estimate of the proportionate 
value of the work done and of material furnished or delivered upon the 
Companj’^’s property at the site of the work, uj) to and including the last, 
day of the previous month. The amount of said estimate, after deducting 

% and all previous payments, shall be due and payable t.o 

the Contractor at the office of the Treasurer of the C'ompany on or about 

the day of the current month. 

• G 3f) 


SECTION 25 — Subcontracts 

The Constructor shall, as soon as practicable after the signature of the 
contract, notify the Chief Engineer'in writing of the names of subcontractors 
proposed for the work and shall not employ any that the Chief lingineer may 
within a reasonable time object to as incompetent or unfit. 
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The (.'oiistruc.ior iij^rees tliat. Mt is as fully rosponsihle to the Company 
for the ilcts and omissions of his suhcont.raotors and of persons cither 
directly or indirect ly employed by them, as he is for t he acts and omissions of 
persons directly em])loyed by him. 

Nothing contained in the f^ontract documents shall create any contractual 
relation b(;t.vveen any subermt ra'^-tof and the C-ompanv. 

( J 4:1 * G 7 

SECTION 26 — Indemnity 

The ( 'ont ractor sliall indtannify and save liarndess tlie Company from and 
against ail losses and all claims, dtanands, payments, suits, actions, recoveries 
and jmlgTnents of ov(‘rv nature and description brought or recovered against 
It, bv r(‘asou f)f any act. or onns'^lon ol the said Ciuitractor, his agents or 
emjilotTes, in tin' execution of ih(‘ \\a>rk in consi'tpicncc of any negligence or 
carelc'-^sness m guarding I Ik* same. 

(i.Tl (115 

SECTION 27 -Cleaning Up 

'riic C^msl nu'tor shall, as directed bv the l lnguiccr. remove from the 
Companv’^ ]ir(»p(‘rtv and from ail jniblic and iirivaU* property, at his own 
expense, all t(‘m))Oiarv structure'^, rubbish tmd wasti* materials resulting 
from his oi)(*rai ions. (i 205 

C. :h» 


MACHINERY SALE CONTRACT 

« 1 'orm uscmI b> the (‘stern ICleetne Co.') 

PROPOSAL 

Dated 

'I'he Company, lK“r(‘inafter ealh'd the Com- 

jiany. Submit > loi eeiisideral ion tin* i(»llowing proposal lor I'Teelrieal 
.Vpjiaratiis to 

j 

hiueinai lei called the I’ureliaser. W h(*n this jirojaisal i> accepted and 
signed in diijilieate bv the Purchaser .and count ersigiu'd at . . ., 

by an ofheer ol the Company, or a manager thi*rt*of, it shall beiome a con- 
tract and constitute an agnvmcnt hi'twa'cn the ])arties her(‘to. 

d’hc ( ompaiiy agri'cs to furmsh the Purchaser under this jiroposal the 
apparatus h(’reinait(*i ineiilioiied, and agre(*s to jicrform all work in accord- 
ance with the attached page's of spccilicat ionc, which 

together with the’ guaraiiu‘e*s and sjieeial agree'ine'iits mentioned in the 
speeiticfiiions, are made a part hereol. 

All previous (romiiMinications, either verbal or written, with referenee to 
the subject matteirof this agreeme'nl an' hereby withdrawn and annulled, and 
this proposal or contract shall be modihe*ei only by a duly approved supple- 
ment ary agre'cme'iit. 
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List of Appanilus to hi Furmshvii: * 

Fnrr. In consKlonition of tli(* ji])ovt*-iiicntiom‘(l np|)ar{itiis funiisliod 
niulor lli(‘ provisions luMvin nnuU*, ibr T*mvli:is<'j’ Mpirci's to pay tin' (’oinpany 
Ili(‘ sum of 

. Dollars (S 

Tinnti. Tlio above anunint specilHMl is not siibjoi’l to rasli discoiini and 
is to be paid at t ho (dliee f>i I he ( ’on»])Mn\ . l(wab‘d Ml . 

in the follow int; nianioM- 


All paNnuMii" abo\r jirovidetl lor shall boar int('rost a1 the nll'o of t» 
S iH'r annum aflta* thov boeonu' dm*. \11 easli ^hall b(' paid in Now 
Y(4rk or (Miieaiiii e\(‘hanjio 

It shijinioni ot a])])aratii^ h(*r(‘in s])ooi(iod. or an\ part thoroof, is dt'layoil 
b\ any oauso lor which the purchasia direcih- or indir(*cll\' responsible, 
the date ol coinjilotion of sanl apparalii'' by ili(‘ ( ‘oiniianx shall be rt'^iardod 
as tlio date of shipinont in deU'rnuninfi; when ])a\'im'nls for said ap|)aratus 
an* to 1)0 made. If all the apparaiU'^ should not be forwanled on the same 
date, pio lata ])aviiients ''h;ill be made lor ]»artial jiayim^tits. 

htltrir}/. 'rh(‘ ( \>mpan\ aiiH'Cs !<► ship ''aid apparal U'^ 
days after the dati* of tin* aeeepi;in<'0 ol thi'> contiact bv the (’ompanv, 
or a^ iK'ar to t hi> dale as it'- shop conditions w ill allow . t he -hoji com lit ions at 
tlio lime ol execution of this contra<‘t bt‘in^ "Uch as to ^i\e the Company 
roason.ilih* a‘*''Urance that the above s])ocitied dehveiw dale can be* im’t.. 
The time ol iloliverx is dejiendent upon the prompt n(‘s^ ol iho Ihirchasor in 
furnisliinj!; all iiiiormat ion the < omiianv nia\ de(‘m neccssar\ r(‘ji:ardirip: 
details which an* to be del< rminfMl b\ the Ihircha'^er. d'he ('ompany shall 
not bo hold liable loi dela\ cauMMl b\ lire, vtrike^. inii'^, or ati\' other cause 
beyond its oontrol 

I nfri^gum m of Fnh nts 'I'Im- ( nmpanv aj^n*es that it will, at iIn own cost, 
defend ;in\ ^uit- that ma\ be m^i it iitod bv anv ])art v :ijrainst the Ihirchaser 
lor alle^rod ml rinjrement ol jiatent^, when such allej;e«l ml rinjreim'nt shall 
relate to tin ajiparatus lurni>hed under this projiosal and for which the 
Purchaser shall have made all pa\ inenls then <lue, j)rovid(‘d that immediate 
notice of the institution of such suits be ^iven b\ the purchaser to tlie 
Company, and that tlie Ihirchascr shall jiermit the* ('ompan\, throunh its 
counsel, to defend the* same, and shall trive* tin* ('onipan> all m*»*<led infor- 
mation, assistance*, and authority 1e» enable* it to ele» so, ami m e*ase* of a final 
awanl eif daniap;(*s in such suits tin* Cemipanv shall ])ay sucli awards, but il 
shall not be resiioiisible fe)r anv e-emipreimise made* witheuit its written ereui- 
sent, imr shall it be bounel te> de*fcnd any suits or tei jiav an> elamaKos then;in 
whe*n the same* shall arise* by the* n*a.sem ed the use* of parts neit. furnish(»d by 
tlie C>oinpany und<*r this pre>]»e>«»al. 

TitU to FropfTtp. The* title* and rijtht ed pe»>s(‘ssion te> the a])parntus here*in 
specifienl remains in the Ceunpanv until ail ])ayme*nts herc‘un(h*r (inehnlinK 
deferre*el payinenth anel anv ne>te*s oi re*iii*wals lhe*re*e)f, if any) shall have boon 
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liilly made in casli, and it is a^iieed the said apparatus siiall remain the 
personal property of tlie Company vvhatev(^r may be the mode of its attach- 
ments to the n'alty or ot hervvise, until*fully paid for in cash. Cpon failure to 
make payments, or any of tliem, as henan specified, the Company may retain 
any and all partial pnynumts wliich have been m:ich‘, as iKpiidated damages, 
and shall bc‘ entithMl to lake immediate possession of said ])roperty, and be 
free to enter the ])reniises w hor<i said ajiparatns may be loeat(‘d, and to 
remove the same as its proper! \ without jirejudiee to anv lurlher claims on 
account of damage which the ( ’om]»any may suffer from any cause. 

Prolvctnni in Prnperttf. 'J'he purchascu* aj»,rt*(‘s to r(‘imburs(‘ l,h(; C^nnpaiiy 
for all loss and e\'y>ens(i to it resultinji; from dama^e'^ to or destruction of said 
property throujih any cause iitlier than the Compain \s fault, subsecpient to 
such delivery. 

Jris)9nrli(m. 'hhe ('\])eiise ot all inspections or tots of thc‘ ])n>])ertv fur- 
iusIhhI uruhT llie terms la rcol, (»the‘r than the usual in^p(‘ction and test made 
in the sh(>t)s of the C’ompan\, shall be borne l>v the Purehasm*, unhiss other- 
wise sjieeifietl h(*rem. 

J fitiialldiKtn. All apparatus covered bv this tiroposal shall be installed by 
and at tin*. e\|)ens(‘ ol tlie Ihirehaser, unless otherwise spearified her(;iii. 

Should the Piirehascr desirc' tin* services of ox])(»i-t installers to super- 
intend the (‘leetioii oi th<* apparatus eov(‘n‘(l by this jiroposal, tin; sum ol 
S. . . . p(‘r (hi\. plus iravelinp: and hotel expense.-, is to be paid by 

the Purchaser )<»r each t'NjM'rt lor th(* time he a\>ay from the Company's 
works. 

If th(' Com|)aii\ i- to (leincu* and erect the apparatii.'^ covered !>>' this 
proposal, lh(' Purcha^'i aarees to iurnish, without charj»:e, suflicient operiinf!:.'^ 
of profiei size to tlu' apparatus to foundal loii^, all necessary storage, 
right.s of wav, p(u*niits, and authority for the installation of the apparatus 
herein ])rovid('(i foi. and to reimburse the Company for any losses incurred 
b> reason of d(‘lay in starting the plant and com])leting the work that are not 
chargealde to the ('omp.‘in> 

1'Ih‘ Company agrees that the installation, if madi'by it, shall be done in a 
thorough and workman-hke manner. 

I nless otherwise* expresslv stipulated, it is iindeTstoeul that all wiring will 
be liirnislied, installed, and ceunpleted by the* Purchaser. Terminal lugs 
on eonneetion boards are to be iurnislusl by the* (\>mpan\. 

(ruaravtij. The (\>m])any guarantees the material used in the coiistrue- 
1 ion of the ajijiaralus covered by this proposal to be ol the best kind and 
(luality suitable for the* jaiijKise. It guaran!(‘C*s that the workmanship and 
finish will be of the highest ( lass and that the apparatus will be capable of 
o})erating as guaranteed, and Mgrees to eorreet at any tinu' within a period 
of one year after deh\ cry, an> defects that may develop in material or work- 
manship, jn-ovided the I’uivhaser givt‘s tlu* Comiiany immediate* written 
iiotiiH* of such defects; and jirovieled further, that during said period the 
apparatus shall not be taxed beyond the nited capacity, shall lie regularly 
cleaned and cared foi, and in other resp<*ets shall be ojierated in a normal and 
proper manner. 

The Company shall not be held vosp^nsible for work done, apparatus 
furnished, or repairs maih* by otliers. 
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Expiration of Proposition. This ]m)|'()sal is void unless accepted and 
returned on or lioforo 

Kospoci fully submitted, 

. Company 

Accepted: lU 

liN 

CounlersijriK'd ;il ibis 


<l;iv of 
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ILLUSTRATIVE FORMS IN COMPANY ORGANIZATION 

CicjrnrjCATE of lNmiti*oit\Tio\' of the Co:vipany' 

We, tlie uiulcT.si^!:TH‘(1, for llie purpose of forniinp; a corporation under 
nnd by virtue of llu‘ provisions ot an net of llie Iji'^islatiire of the State of 
New ,hTS(‘y, f-nlilled “An Ae,l e.ujrernin^ eorj)()r:it ions f Revision of ISOG),” 
and tlie several supplc'inents tluTeto and acts aniendatory tliereof, do 
liereln’ sev(‘rally siihsiTiVie for and aji.ree to lake the number of shares of 
stock of th(‘ said eorjioration h(T(‘niaftt‘r ])lac(‘(l of>j)osile our respective 
names, and do lurHuu* ccrlil> and set forth as foll(*ws: 

I'lrst. "riie rifime of said corporation shall b(‘ 

( 'ompan> 

Second, d’he local loii ol ii.s jinnci[>al offua in the State of Ne^^ Jersey 
shall beat No. lo Tx-tianL'c Place, .leT,-(‘v (‘ity. 

The name (d ihi‘ aecnt who shall be therein and m charjre thereof, upon 
whom j>roe(*'j'^ auain'^l thi'^ ccu’porathm ma\ be served, is the ('orporation 
'1 rust C'omf>an\ ol N(‘\\ Jr-rsc'v. 

d'lurd. The (ihje^ts tor which this corporal ion i*' lormed ar('‘ 

fi To inanularMure, pnpaie, compound, nii\, combim'. bii\. sell and 
maieiallv deal m all manner oi chemic-als, ciiemical ))ioduct'^. drueis 
and phai maet'ulic.al c«un]>ounds, and prep:irat ion-, and to patent, 
register oi otherwise iinUc'ct- liie stime. 

lo obtain, ])urehase oi otherwise atapiiie lormula, paIenl^ ami 
seeri'l jiroeosses for the m;inufa.cture an<l ])rej)aral ion ol ehemicals, 
diu^s and the eomponnds and preparations thereof, and to ^])erate 
v.nder, s(‘l!, a->-.i^n, tyrant hemses in resju'ct cd, or otherwise turn the 
sam<‘ to .'lecoimt 

s '! o emer into, (arr\ out or otherwise Turn lo aeeount conlratds cd’ 
e\M\ kind, to l-ave and mamtain olhees within and williout tln‘ 
Stale, to ae(iiinc, hold, mortj:.:me, lease and eonvey or otluM-wise 
Use or dispose oi real ami personal property in aii\ p.ar. of tlie world; 
and, m p,en(‘r‘il, to carry on such opiT.ations and enterprises and lo do 
all siieh ti;in^.s in ''oniKction Iherew'ith as may be permitteil by the 
law.v of New’ Jersey and be neci^ssary or ronxenient in the conduet of 
t he v’ompanx s biis'iiess. 

l-'otirlh. d'hc total aiitliorizaMl stock of the eorjior.at ion shall be twenty- 
five thous:ind dollar- (Js'JmOOO), divided into two hundred and fifty (2o(V) 
sliaies ol the p;ir value ol one hundred dollars t^SlOO) each, and the amount 
of capital stock with w hieh said corporatioji will bi‘^in business is live Ibous- 
;ind dollars .>:»,(K)()b 

’A sample corporation charter, as publishc'd in boup:h r “(orporation 
>mance," u.mmally from ( 'oiiyni;ton’s “The Modern ('orporation/’ 

;{45 
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Fifth. The Tininos ;nul ])(>s( office nihlrcsscs of the iiicorporatoi's and the 
iminb(‘r of shares siibscrilM'd for by each arc as follows; 

Name Addnvss Shar(\s 

Willis J. Carhnrt, lo hAcliange riac<‘, Jc^rscA C’ii\. N. .1 *10 

Sheldon McA'annnis, lo Kxchanji;e Place, Jersey City, N. J. o 

Jolin B. Whelan, lo Fxchan^,e Place, Jersey City, N. J o 

Sixth. The }H‘nod of exist ence of said coriioralion shall be unlimited. 

In Witness 'Whereof, we have hereunto set our hands and seals this 21st 
day of July, .\. O., nineteiai hundnal and eijrht 

\\ illi.s J. Carhart (Ij. S.) 
Sheldon AlcCaininis f’Ti. S.) 
John B W helan (L. S.) 

in the pres(‘nee of 

Hannon Watson 

'riionias i )'( '(Minell 

' I'Aceuled in d\ie loi in ’ 

« 

By-LXW*^ ()] 'nil CoMl'AN^^ 

Nlw Vokk City 
.\k'iiii.i 1. — Stock 

1. ( 'ert liicatc" ol Stock -‘hall lu* i.^.^ned in numiTical onh^r from tin* stock 
certdicate book, b(‘ .-‘I jithmI b\ the Pre^Khait and FreaMina' and s(‘aled by the 
Secretary with the corporate .seal. \ record ol <*ach c(‘rtificat(‘ issued shall 
be kept on the stn!> ilier(‘of 

2. Tran.sfer.- of Stock shall lx* made on)\ up<»n iIh‘ l»ooks of th(‘ Conipan> 
and before a nc'W certifjc.'ite i^'-ued the old certdicate must In* snrrenden'd 
for cancellation, d'he -^tock book" of the* t'oinpam shall lx* closed for 
traii.sft*r.s 1wc‘iit> da\s belon* jK ix'ral elect x»ns and ti'ii da\s Ix'fore dividend 
days, r 

H. The t reasury St(x-k ol the t 'oin|),an\ shall con.'^i.st ol such issiK'd and 
outstandinj; stock of the Conijiam as ma\ bt* donated to the Company or 
otherwise ac^piired. and "hall lx- hchl subji*cl tf) disposal bv the* Boani 
ol Directors. Such "tuck sliall neuln-i \oie noi’ jiari icipatc' m dividends 
while h(*ld by tlie ( 'onij)an\ . 

Aktu ni 11, — Stix'kholdcr " 

I. Tlie Animal Mcctiii^iol 1 he s1ocklx»l(h*rs ol t his ( 'om]>aiiv shall beheld 
in the principal offi< c ol tin- f'<unpaii\ in New \ f»rk (’il> at 12 M. (»n the* 
"ccorid Monday m .Iamiar\ ol each year, it not a le^al holidav, but li ji le^al 
hfduh'n , tlien on the da\ lollowinp. 

2. Special Me<*t iiij!;." ol the stockholders nia\ lx* e;dl(‘d at the* ]>rine.ipal 
otlice of the Coinpain at an> time bv ns<ihitioii ol the lioard of Dinxd.ors, 
or upon written rcfiu(*st of "tix-khiiddei.^- hohlm^ oiie-t hird ol t he outstanding, 
stock. 

' A sample b\-law.s from the .-aMn .•source as tin' abovi-. 
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^5. Xati(*(; of Meet iiijrs, wrilt(‘ii r)r priiit(*il, for ovcm v n'Roliir or spediil 
iiicetiiiK of the stockliohicrs, sliiill \w prrpjircd iind nuiilcd to 1 lio last known 
postollico atldross of ciu h stockholder not less lhan ten days before, any such 
ineetinKt and, if for a. special ineetinp;, such notice shall state the object or 
objects thereof. No failing* or irregularity of notices of any r(‘p:ular nicetin*; 
sliall invaliilale such nn‘(‘tinj; orfiny proceeding thereat. 

4. A (hinrmn at an\ meet ing of the stockholders shall consist of a majority 
of th(‘ voting stock of the (-oinjianv, represented in ])erson or by proxy. 
A majority of sucli (iiionim shall decah* any <pii‘stion that inav come befon* 
the iiKMM mg. 

T). TIk* eh'ction of Directors shall be held at the annual meeting of stock- 
holders and shall, a.it<‘r tin* first (‘lection, lie conducted by two inspectors of 
electicMi, ai>pomt(‘d b> the Pres'diait toi t hat ])nrpos(‘. The election shall be 
b^’ ballot, and each stfK'khold(‘r of r(‘coid shall ])e entitled to cast one vol(‘ 
lor each shar(‘ of stock held by him. 

ti. Th(‘ Order of Ihismess at the annual miMMinir, and. as far as possibh*, 
at all other mei'tmgs ol the slockholdetv. shall b^ ‘ 

1 . ( 'ailing of roll. 

‘J. Proof ol du<‘ notice of me(‘tmg 

d. lv(‘admg and disposal of anv unapprovc'd minutes. 

I. .\nmial n'ports of otlicers and commit t(‘es. 

r>. Mlection of director--. 

ti rnhnished business. 

7. New busme'>s 

5. .Xdjournim'nt 


Aktk'i.l: III. — Directors 

]. 'rhe Ihisiness and I’rojierty of tin* (’ompany shall be managed by a 
Hoard ol seven Dirc'ctors, ho shall be .stockholders and ho shall be elected 
annually by ballot by the stockholders for llie term of om* y(‘ar, and wlio 
-hall serve mil il t he ek*et ion and aeeeidanee of their duly qualified stieecssors. 
Any \aeancies nia> be filh‘d b\ the Itoard for the unexpired term. l.)irectors 
.'>hall receive no eom|)e:isat lou for tlnar services. 

2. The K(‘guhir Mca’lings ol the Hoard ol Directors shall lu' held in the 
principal ollicc of the Dompaiiy in New X ork (. ity at d P.Al., on the third 
'I'uesda.N of each inoiith, if not a legal liohda\ , but if a h*gal liohda}', then on 
t he day following. 

d. S])ecial Meetings ef th(' Ikaird of Directors to be held m the principal 
othee of the C’onipaiu :n Nd w York (’ity may lie called at any lime by the 
President, or by an\ Ihiee members ol the Ikiard, or may be held at anv 
lime and place, wit hunt notice, by unanimous written consent of all thi* 
members, or with the presence of all members at such meetings. 

■1. Notices of both ri‘giilar and special nu'etings shall be mailed by the 
Secretary to each member ol the Hoard not lc‘ss than five days before any 
such meeting, and notices of spiicial m(*e]ings shall state tlie purpose thereof. 
No faihin' oi irregularity of notici' of any ivgular mcotir;!; shall invalidate 
sueh nu'eting or an> proeiM'dmg thereat. 
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,j. A (^uoniin at any nu'etinj!; shall consist of a majority of llio entire 
inoinborship of the Board. A majority of such quorum shall decide any 
(|iiestion lhal may come before the meeting. 

b. OfficcT^ of the Company shall be elected by ballot bv (he Board of 
Director^ at llioir first meeting after the <‘leclitjn of J^irect.ors each year. 
It any otlice b(‘comes vacant during the tear, the Board of Directors shall 
fill th(' same unexpired term. Tlic Board of Directors shall fix the com- 
l>ensatioii of th(‘ olTicers and agents of the Comjian>. 

7. The Older ot businc'ss at any regular r>r .-.pecjal nu'eting of the Board 
of Directoiv sliidl be: 

1. Beading and <lis])<»sal of ane un:ippro\'<*d ininules. 

li. ib.*port‘< of otlK'ei''^ and etiinnnt t(‘C‘s. 

;i I ntini^hed bu^lne^•‘. 

4. New lui^rine*^". 

0. Adifuirnment . 

A j; rn li. 1 \ < »llua 

1. din < Mlieei'" <»i‘ t'onijKiiiy f-hall be m I h I’-^Hleiit . a \ jcf' Ih’eMdenl, 
a Seereini V and a 'rrea'^urer. \\ lii> shall be ele<*t<‘d lor oin \eMi and “hall hold 
t>lhee unMl ilicai “m‘e(*““(tr“ a r** eha i »*d a nd (|nalii v . 'TIk- ]>< m ni' f)! Seer(‘- 
tary and ’rrea“nrei inay b(‘ united in one pfr-sun. 

2. ddie ]* 0 '“i(lent shall piM>ide a1 all nietainc", ‘'hall ha^e geneial super- 
\ j“ion oi T l.e M t a . r'- <•: the ( 'oinpa iiw “hall ' iiiu or count eiMgii all (mtI ifieat (*.s. 
(MUUraeT“ and otliei n'“i r uimaii “ oi tin* ('onqiany as ant hot j/fd bv tlie 
Jioai'd ol l)ire( 1 mi-‘ “hall luaKn rejM»rt“ to tin direeiors and st oekliolders and 
])( rionn al! sm li othei <liitie- a“ aie incident to lii“. odiei* (U’ arr‘ ])ro])(‘rl\' 
recpiiT<‘d ol him b\ tin Ikjard of l)io(t«)i“. In ihr* ab“( ne“ or (li“al>ilit\ 
ol th^ rre“i(i(‘iii . theAje* rM--.jdeiit “ha II cn fn'i“e all !»).“ J nin’t loi'*' 

•'I. ddn >eerniary “iial! i““U(' notice- tdi all nn ea ine“. shall ke<*p (heir 
minutes, shall lij\< ehaiin- of the “r*al and tin eoiporaie Ixiok', sliall sign 
with tin I’re“nlen1 “Ucii in-t i unn‘ni“ a- latpr-o -ueh “ignatnie. and shall 
make siiHi r»*] >or’ “ and jk i im m such, ot hei dm le- a- a le iin id'Mit i o h i“ ollna , 
or are ])ro])ni 1 \ recpiired oi ntm b\ the J'>oai’d "t 1 • h 

4. d'li«- 'riea“tirer s),.dl lia\t ih*' «»i all and “eenrim ^ 

(li t}j<* t ompany and “hall ke» p n-pulai a'-'-<nml and balance tli<- 

same ejeli month. IIj* sfialJ -ign m eonniei-ien -in-h in“.l rnment “ a.“ reqmr'* 
his signature, sliali tierffirm all dntif-. ineidi-nt to Ins cblict or that ar<' 
j>ro}>eil\ rf*qujied (d liim b\ the Iki.aid. and “hall g'Vi ImukI lor llie faithful 
jierformanet oi hi“ dtities m “U'-h sum :mmI with “iieh siiretn-s a- nniv be 
n*cjilJinf! Iiv llie Boanl ol Director- 

Aid i< 1.1 V. — Di\idend“ and J jiianei 

1 Di\ideri«l“ “hall b(- d<-elaHMl only iroin the “urphi“ jirotil- al .such times 
a“ t lie Bo.-iid of Directors shall dir<*et . and no divideial shall In* deelarf‘d that 
will nni^air the eapil.al oj the Companv. 

2. 'I'he mone\ s of the (’orni>ariv “hall be rlrposited in the name of the 
< <»mpaio in such liank oi trust (■oiiipan\ a.“ llie Board of Directors shall 
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designate, and sliall bn drawn out only by olicck sigiu'd Idv the Treasurer 
and coiintersiKiind by the President^ 

A imcLE V I. — Seal 

1. Till* CoriKirato Si^al of l.ho Company shall oonsist. of two (jonceiitric 
circles, betweiai which is the iiam^ of the Company, and in the center shall 
be inscribed, “ lncorporat(*(l 1905, Xew York,” and such seal, as impres- 
sed on the margin hen;of, is hereby adopted as the Corporate Seal of the 
Company. 

AuticIjE \T L — Amendments 

1. 'rh(‘se by-laws imn^ be amended, repealed or altered, in whole or 
in part, by a majority vote ol the entire outstanding stock of the Company, 
at any regular mi'et.ing of tin* stockholders, or ;it any special meeting where 
such action has be(*n announced in the call and nolici* of such meeting. 

2. The Hoard of Direc.tors mav adopt additional by-laws in harmony 
therewith, bub shall not allei nor rep(*a1 any bv-laws adopt(‘d by the stock- 
])olih‘rs of the C’ornpany. 


ARTICLES OF CO-PARTNERSHIP^ 

ArticleN of ( o-I):lrtlle^^hip. made* tlii^ first ihiy of June in the year One 
'Jdiousaml, Niik' Jliuidr(*d and 'J'en, b\ and betw(‘(‘n \N ilham 11. Hull and 
I'idward T. Moran, boili ol Borough of ProoUlyn. (’ity of New. York. 

riiat the said partii's liave mutualh agreed and henJiy do mut.ually 
agree to continue a co-j)a,n,nership h(*relolore enti'red into by and between 
them and carni'd on at No.s. 712-721 Bedford Avenue, in the. City of New 
^orU, Borougli of Brooklyn, for the manufacture of carriages, under the 
tinu name and styh* of Hull A' Moran, u])oii the following terms and 
conditions: 

1’'iu.st: 

Said co-parinerNhii) shaii eontimie initd the .'^ame shall lx* dissolved by 
the mutual eonsent of the })arties hereto, or ended in pursuanee of some of 
the provisions hen‘inalter contained. 

Sia’oxi): 

Kaeh partnei ma\ t‘‘rminate the <*o-partncrship by giving tliirty ulO) 
da\ s w ril ti'ii not lee to the o: lier partner of his intention so to do. 

Til hid : 

The eo-partnershiji shall be dissolved by the death of one of the partners; 
and in that case the surviving partner shall liciuidate the business and pay 
over to the legal representatives of the deceased partner within six months 
or sooner, the inten^st of such deceased jiartner in said business. 

1 Sample partnership articles, from Cersteiiborg and Hughes’ “Commer- 
cial JillW.” 
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Fourth: 

All losses and profits shall be sliared Equally. 

Fifth : 

The business shall be earned on under, the firm name and title of Hull 
Moran. 


Sixth : 

In case the co-partnership be dissolved during the lifetime' of both part ners, 
then and in that case, both partners shall act as liquidating partners for the 
purpose of winding up the business. 


Seventh : 

In case of the d('ath of one of the partners, the legal representatives of that 
partner shall have the right during business hours, to ins})ect the books of the 
firm, and to make an inventor^', at thciir own prop('r exi)ense, and the sur- 
viving partner shall assist them in every way possible by giving them all 
necessary information for the purpose of ascertaining the exact standing of 
the firm at the time of tlie death of such deceased partner. 

Eighth: 

The assets, which are to constitute the working capital of the firm, shall 
be contributed equalh' by the partners and said ass(‘ts shall be the present 
business assets of said firm, whicli shall be taken over and bi* subj^'cl to lliis 
agreement. 


Ninth: 

Each partner shall be entitled to draw a salary of sixty dollars (§()(). 00) 
per week,, 


Tenth: 

It is further agreed that a certain note bewaring even dale with these 
presents and made by said Edward 'l\ Moran to the order of said AVilliam 
It. Hull, amounting to One Thousand Dollars, said be paid out of the surplus 
earnings of said Moran in said business, over and above the said salary of 
SOO.OO per week to be paid to him; and all sueh sllrplu^ earnings shall be 
applied in payineiit or in part payment of said note and interest.; and in east* 
of a dissolution of said firm, the share of said Moran in the undivided profits 
and assets therc(*f, shall first be applied in payment of said note, and the 
interest of said Moran in said firm shall constitute the security for said note; 
and said Hull shall at all times have a lien upon t he interest of said Moran in 
said firm to the extent of the unpaid portion of said note; and a transfer 
or assignment of the interest of said Moran in said firm shall be subject to 
such security and lien. 
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Eleventh : 

Botli partners shall give all their lime and attention to the prosecution of 
said business and tlic affairs of said firm and shall not engage in any other 
business, and shall not ma]^e any accommodation notes or become accom- 
modation endorsers, or become surety on any bond or undertaking, or 
embark in any speculation, without the consent of the other partner. 

Twelfth : 

True, full and accurate liooks of account shall bo kept by the firm of all 
dealings and transactions by it, and shall be accessible and open to the 

inspection and examination of both partners at all times. 

• . 

'rHTUTEP:NTIi: 

Neither party shall loan or use the funds or the credit of the firm, or the 
firm^s name, for any purpose wliat soever, excepcing only the business of the 
co-partnership. 

Fourteenth: 

All business operations, contracts, bargains, agreenu'nts, purchases, sales 
and other transactions relating to the co-partnership business, shall be the 
subject of mutual cons\iltation, advice and agreement. 

IN WITNESS WHE]thX)F, the parties hereto have hereunto set their 
respective hands and seals the dav aiul vear first above written. 

William 11. Hull. 
lOdward T. Moran. 

In presence of 
Edilh Reardon. 

State of New York, County of New York, ss, . 

On this first day of June, 1910, before me personally came AVilliam H. 
Hull and Edward T. Moran, both to me j)ersonally known and kiuu^n to me 
to h^‘ tlie same individuals described in and who executed the foregoing 
instrument, and they severally duly aeknowledgc'd to me that they had 
executed tlie same. 

C’liarles E. Norlin, 

Commissioner of Deeds, 
New York City. 
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Petroleum refining, lucntion of, 7 
Physical value, 197, 19S 
Planning department, 252 
Plant design, 109 
Plant layouts: 

cotton mill, 12;i, 121 
die casting, 119 
engine building, 120 
Plant, the standard, 110 
Power cost, relation to added value, 
36 

Power cijuipmcnt, 140 
Preliminary design, 11 
Production, 3 
Production engineer, 4 
Production factors, IS 
I’roduction factors, analysis of, 30 
Production faettors, table, 36 
Production per capita, 50 
Production orders, 25S 
Production priiiciplc>, 153, 217 
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